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PEDOEPAT

B mpennokeHHoON auccepTamuu pa3paboTaH HOBBI TEOPETHUYECKHH TMOJAXOH K H3YYCHHIO
3aKOHOMEPHOCTEN MOMYJISIIMOHHON AMHAMMKYM IITAMMOB MHUKpPOOPTaHU3MOB, COAEpXKAIUX pe-
KOMOMHAHTHBIE TUIa3MUIbI B YCIOBHUSX YIPAaBIsIEMOro KylbTuBHpoBaHMs. [loaxos ocHOBaH Ha
MaTeMaTHYECKUX MOJIENISAX, ONMUCHIBAIONIUX AMHAMUKY PACHpPECNCHUs] YHCICHHOCTH OaKTepH-
AIbHBIX KIIETOK, COJIEPKAIINX Pa3IMYHOE YUCIO KOMUN TUIa3MHI, B MOMYJISIIMH MUKPOOPTaHU3-
MOB. B pe3ynpTaTe TEOPETUYECKOr0 aHaJIM3a M 3KCIEPHUMEHTAIbHBIX MCCIEJOBAHUM IOKa3aHO,
YTO CTaOMJIBHOCTh (IJIUTENBHOCTh MOAJAEPIKAHUA) IIA3MUJCOJAEPKAIIMX I[LITAMMOB MHUKPO-
OpraHU3MOB IPU IMEPUOJUYECKOM U HEIPEPHIBHOM KYJIBTUBHUPOBAHUHU OINPEIEIAETCS B 3Ha-
YUTENbHON CTENeHU KOMMMHOCTHIO PEKOMOMHAHTHBIX IIa3MUJ B KIETKax-Xo3sieBax U 3(-
(PEKTUBHOCTBIO SKCIPECCUN KIOHUPOBAHHBIX B TUIa3MUJaX T€HOB.

Juccepranusi cOCTOUT M3 BBEICHMSI, YETHIPEX IJ1aB, 3aKJIIOUEHHUS, BHIBOJOB U CIIHCKA JIHU-
Tepatypbl. Pabora m3nokeHa Ha 160 cTpaHUIaX MAIIMHOMHMCHOTO TEKCTa, COIACPKHUT 38 pu-
CyHKOB W 3 TaOmuimpl. CIUCOK JIUTEpaTyphl BKIOYaeT 253 mcTOYHMKA, W3 HUX 214 Ha WHO-
cTpaHHoM si3bike. [lo marepuanaMm auccepranuu onyonukoBaHa 21 paGota, u3 HUX 4 CTaTbu B

HEHTPaJIbHBIX JKypHaIax.
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BBEAEHHWE

AKTYAJIbHOCTD ITPOBJIEMBI. B mnocnennue rombl Bce OOJbINEe paclpoOCTpaHEHHE B
OMOJIOTMYECKUX HayKaX IMOJIy4aroT KOJMYECTBEHHbIE METObl. AHAIM3 MAaTEMAaTUYECKUX MOJIe-
Jeil ¥ mpeJcKa3aHus, OCHOBAHHbBIE HAa 3THUX MOJIENSIX, YacTO MO3BOJIAIOT HE TOJIBKO OOBSICHUTH
HaOroaeMblil peHOMEH, HO M TIPEUIOKUTh JallbHEHIINE SKCIEPUMEHTHI 11 ero Oosee riy0o-
KOro MoHUMaHusl. V3yueHune nonyasiuoHHOW TUHAMUKHU IJIa3MUJT MUKPOOPTaHU3MOB B Pa3iny-
HBIX YCJIOBUSIX YIPABIIEMOTO KyJbTHBHPOBAHHUS SBISAETCS BaXKHOW TEOPETHUECKOW M MPUKIAI-
HOM 3anaveil mo psay npuuuH. [Ipexae Bcero, MHOrHe MPUPOIHBIE MIa3MUIbI ONPEAEISAIOT yC-
TOWYMBOCTH K PA3IMYHOTO poja aHTHOMoTHKaM (R mimasmuabl). [IpuoOpereHne Takux Iia3Muz
MaTOT€HHBIMU MUKPOOPTaHU3MaMH MPUBOAUT K MHOTOUMCIICHHBIM OCJIOKHEHUSIM y HHPUIUPO-
BaHHBIX MAIIMEHTOB MPHU HUCIOJIB30BAHUN TPAIUIIMOHHBIX METOOB JICYeHUS (C UCTIOIb30BAHUEM
aHTHOMOTHKOB). [loHMMaHNe MeXaHU3MOB HOJepKaHus R MiIa3Muj B KJIeTKax-Xxo3sieBax B ec-
TECTBEHHBIX U Ja0OpPATOPHBIX YCIOBUAX - 3TO MEPBBIN IIAr K HAIPABICHHOMY CHIKEHHIO aHTH-
OMOTUKO-YCTOWYMBOCTH CpeAM MPUPOAHBIX IUIa3MHUACOAEpKAIIUX OaKTepHii, a, CIe0BaTEIbHO,
K YBEITHYEHUIO 3(P(PEKTUBHOCTH JIEUCHUSI NWH(PEKINOHHBIX 3a00JI€BaHUN C MOMOIIBIO aHTUOHO-
TUKOB. B TO xe BpeMs I1a3Muabl IMHUPOKO HUCHONB3YIOTCS KaK BEKTOPHI MPU KOHCTPYHPOBAHUH
PEKOMOMHAHTHBIX IITAMMOB-TIPOJIYIIEHTOB, KOTOpPbIEC B TalbHEHIIIEM TPUMEHSIOTCS B OMOTEXHO-
JIOTUYECKOM ITPOU3BOJICTBE LEJIOT0 Psijia pa3INuHbIX OMOJIOTUYECKUX COECAUHEHHM, B TOM YHCIIE,
AMHHOKHUCIIOT, ()EpMEHTOB, TOPMOHOB U JIp., C UX MOMOIIBIO pa3padaThIBAIOTCS TaK)Ke BaKIMHbI
NpoTHB BUPYCHBIX MHpekumit (Hanpumep, BUY). MccnenoBanue npuyuH HECTaOWIBLHOCTH pe-
KOMOMHAHTHBIX IIa3MHUJI MHKPOOPTaHM3MOB HEOOXOAMMO JJIsi MOBBIIMICHUS MPOIYKTUBHOCTH
OMOTEXHOJIOTHYECKUX TporieccoB. HacTosimas paboTa mocBsieHa U3y4eHu0 0COOEHHOCTEH To-
NYJSIIMOHHON TUHAMUKH TUIa3MUCOACPIKALINX IITAMMOB TPU y4eTe HAIWYHS HECKOJIbKUX KO-

95051 II1a3sMH bl B KJIIETKaX MUKPOOPraHU3MOB.

HEJIb U 3AAAYN UCCIIEAOBAHUSL. Lensto HacTosIIEH pabOTHI ABIsSETCS pa3paboTka
TEOPETUIECKOT0 TOIX0/a K M3YyYCHHIO 3aKOHOMEPHOCTEH MOMyISIIMOHHONW JHHAMUKH MHKPO-
OpPTaHW3MOB, COJCPKAIIUX MHOTOKOTHHHBIE PEKOMOWHAHTHBIC IJIa3MUIbI, B Pa3IMIHBIX YCIIO-

BUSIX YIPABIIIEMOTO KyJIbTUBUPOBAHMUSL.



OCHOBHBIE 3AJJAYN NCCIIEJOBAHUA:

1. Pa3paboraTh MaTeMaTH4eCcKyl0 MOJEIb IUHAMUKH YUCIEHHOCTH MHOTOKOMUNHBIX IIa3-
MU/1 B TOMYJISIMH OaKTepHATbHBIX KJIETOK IPH YIPABIIEMOM KyJIbTUBHPOBAHHH.

2. C momoIp0 MaTeMaTHIECKON MOJENH MPOAHAIU3UPOBATh OCOOCHHOCTH TMOIYJISIITHOH-
HOU JUHaAMHUKHN HeCTaGI/I.HBHBIX mTaMMOB MUKPOOPraHU3MOB, COACPKAIIUX MHOT'OKOITUIHEIE pe-

KOMOWHAHTHEIE II1a3sMHJbI, B Pa3JINYHBIX YCIOBHUAX YIIPABIACMOI'O KyJIbTUBUPOBAHUA.

OCHOBHBIE METO/JIbI MCCJIIEJJOBAHUS. B paboTe MCHOIB30BAIMCH METOJBI MaTe-
MAaTUYCCKOTO MOACIIMPOBAHUA JUHAMUKHU YHUCJICHHOCTHU 6I/IOJIOFI/I‘-I€CKI/IX HOHy.HSII_[I/II\/'I, MoCTpOC-
HUE W peau3amus JTeTCPMUHUPOBAHHBIX MOJIEJICH B OOBIYHBIX W YACTHBIX MPOU3BOJHBIX, KO-
HEYHO-PAa3HOCTHBIE CXEMBI JJIsi CUCTEMBI TU(PEpeHIINaTbHBIX YPaBHEHUH B YaCTHBIX MPOU3BO/I-
HBIX, METOJIbl KaYECTBEHHON Teopuu nudPepeHInaIbHBIX YPaBHEHUH, SKCTICPUMEHTAIBHBIC Me-
TOAbI KYJIbTUBUPOBAHHUA TINIASMUACOACPIKAIIUX MUKPOOPIraHU3MOB B HCpHO,Z[H‘-IGCKOﬁ H HCIPC-

PBIBHOM KYJBTYpE.

HAVYYHAA HOBU3HA PABOTBI

1. IlpensioxeH HOBBIM TEOPETUUECKUN TTOAXO/I, OCHOBAaHHBI HA YPaBHEHUU HENPEPHIBHOCTH,
MO3BOJISIIOIIMM ONMKUCHIBATh AUHAMUKY YHCIEHHOCTH MHOTOIUIa3MUIHBIX MHOTOKOMUUHBIX
[ITAMMOB MHUKPOOPTaHU3MOB B pPa3NIMYHBIX YCIOBHSX KylbTUBHpOBaHUS. Ha ocHoBanuu
MPEAJIOKEHHOTO TEOPETHUECKOTO MOAX0/1a, TOCTPOCHBI MATEMATUUECKUE MOJEIIH TOMyJIs-
[IMOHHOW JMHAMHKU MHOTOKOMHMMHBIX MJIa3MU]I C YIETOM HETaTUBHOTO KOHTPOJIS PEIUIU-
Kanuu mnazMu; (Ha npumepe mwiazmuasl ColEl), kuHeTndeckoii u cerperaiioHHON HecTa-
OMIIBHOCTH PEKOMOMHAHTHBIX ITAMMOB MUKPOOPTaHU3MOB.

2. BriepBble TeopeTH4ecKd OOBACHEH 3(P(PEKT CHUKEHUS CEJICKTHBHOTO NaBJICHUS Ha IIO-
MOyJSIUI0 MHOTOKONMUHHOTO TEHHOMH)KEHEPHOIO INTamMMa, CBSI3aHHBIA CO CHHXKEHHEM
CpPEeIHEero 4uciia KOMWM TuiasMuj B kierkax. [lokazaHo, 4To Bpemsi MOJy3JIMMHUHALIMU
IUIa3MUJ B MOMYJISIMN HECTaOMJIBHOIO PEKOMOWHAHTHOTO IITaMMa B XEMOCTAaTe He 3a-
BUCUT OT MAaKCHUMAJbHOTO YMCIAa KOMUM IUIa3MHU[bI B KIETKE, a ONPEENsieTCs TOJIbKO
CpPEIHUM BpPEMEHEM TeHEpalMd MHKPOOHOW MOMYJSIUU, CKOPOCTHIO TMOTEPU IIA3MMU]L
KJIETKOM U YPOBHEM CEJIEKTUBHOTO JABJICHUS Ha TUIa3MUJCOIEPKAIINMN IIITaMM.

3. C nmomotipio pa3pabOTaHHBIX METO/IOB OLIEHKH MapaMeTpOB IUIa3MHICOAEpKAIUX OakTe-



puil BHepBbIE MOKAa3aHO, YTO HECTAOMJIBHOCTh N€HHOWH)KEHEPHBIX MITAMMOB MHUKPOOD-
TaHU3MOB TP HU3KUX YACTBHBIX CKOPOCTSX pa30aBieHHs Cpelbl B XeMOCTaTe CBs3aHa B
OCHOBHOM C YBEJIIMYEHHEM CEJIEKTMBHOI'O MPEUMYIIECTBA MOMYJSIUHU OecTyIa3MUTHBIX
KJIIETOK, TIPH 3TOM TaK)K€ OTMEYCHO YBEIIMYCHHE CETPEralliOHHON CTaOMIHbHOCTH TIA3MHU/T
Mpy HU3KUX D.

4. B skcnepuMeHTax C peKOMOWHAHTHBIM mTammoM E. coli MG1655, comepxkammm Kiio-
HupoBaHHbIN Ha masmuae pGLO ren gfp (3enenoro dyopecuupyromiero 0eiaka), mokasa-
HO, YTO CEJIEKTMBHOE MPEUMYLIECTBO OECIUIa3MUAHBIX KIETOK (X, XapaKTepU3yIoIllee Io-
MYJISIUOHHYI0 CTOMMOCTD IUIa3MUJI, IPSIMO MPOMOPLUOHAIBHO 3(P(EKTUBHOCTH IKCITPEC-

CHH r'eHa gfp.

[TPAKTUYECKOE 3HAYEHHUE PABOTBI. Pe3ynbraTsl paOoTbl MOTYT OBITH HCIIOJNb-
30BaHbl ISl OMHUCAHUS JAMHAMUKH TE€HHO-WHXEHEPHBIX IITAMMOB MHUKPOOPTAaHHU3MOB, COJEp-
JKaIUX MHOTOKOIMHHBIC IUIa3MUbI, UCHOJIb3YEMBIX B OHMOTEXHOJOTMYECKOM IPOU3BOJICTBE.
[IpennoxxeHHsle B paboTe METOABI OINpEAeTCHHs MapaMeTpoB IUIa3MUJCOEPKAIINX ITAMMOB
MHUKPOOPTIaHU3MOB MOTYT OBITh B3ATHI 32 OCHOBY JJIsi OLIEHKH HECTaOMIBHOCTH pPEKOM-
OuHAaHTHBIX OakTtepuil. MeToauKka MpPOBENEHUS KOHKYPEHTHBIX OJKCIEPUMEHTOB PEKOMOU-
HAHTHBIX IITAMMOB C 33JaHHBIM YPOBHEM SKCIPECCHH KIOHUPOBAHHBIX T€HOB MOXKET OBITh UC-
M0JIb30BaHA NIl W3Y4YEHHUs BIMSHUS 3((OEKTUBHOCTU 3KCHPECCUU KIOHUPOBAHHBIX T'€HOB Ha
CTaOMIIBHOCTD PA3JIUYHBIX TUIA3MUJ.

ATIPOBAIINA PABOTBI. Pesymbratel pabotel moknagsiBaiuch Ha VII Bcepoccuiickom
cumnosuyMe “Koppekuus romeocrasza” (Kpacnosipck, 1996), na VIII MexaynapogHoM cumio-
suyMme “Pexonctpykius romeocraza” (Kpacnosipck, 1998), na Il Cubupckom KOHrpecce 1o uH-
JTyCTPHUALHOW U MPUKJIAAHON MaTremaTuke, nocssieHabit mamatu C.JI. Cobonesa (MHITPYIM-
98, HoBocubupck, 1998), Ha cemunapax nmadopatopun YBI' m Teopernueckoro otmena NMbD
COPAH, na cemunapax snaboparopuu npod. b. Jlesuna (Emory University, Atlanta, USA, 1999-
2000).

I[TYBJIMKALINU. ITo maTepuanam auccepranuu omyoaukoBana 21 paboTa, u3 HUX 4 craThu
B LIEHTPAJIbHBIX JXypHallax, 2 cTaTbu B COOpPHUKAX HAay4HBIX TPYAOB, 15 TE€3UCOB OKJIal0B Ha
KOH(epeHIHsX, | cTaThsi MPUHSATA K [I€YaTH.

BJIATOAAPHOCTU. Astop Onarogaput bpmibpkoBa A.B. 3a MOCTOSTHHYIO TTOMOIIb W BEJH-
KO€ TepIeHHE BO BpeMsi MOEro oOy4eHHs M CTAHOBJIEHHUS KaK IOJIHOLIEHHOTO HCCIIeNOBaTels,

[Teuypxuna H.C. - 3a peakue, HO METKHE 3aMEeUaHUsl, COTPYIHUKOB Jlaboparopun YBI - 3a ten-



nyr0 atMocepy M MOCTOSTHHYIO TOMOIL, iepcoHanbHo R. Antia u B. Levin, u B wactHOCTH
Antia Lab (Veronique Perrot, Ming Zhang) u Levin Lab (Luba Beylina, Mary Reynolds, Andy
Demma, Nina Walker u psig 1pyrux COTpyIHHUKOB) - 32 TTOMOIIb B TIPOBEICHUH YKCIIEPUMEHTOB
¥ MHOTOYHCIICHHBIE OOCYXJICHHsI pe3ybTaTOB U KPUTHKY, Victoria Finnerty - 3a mpemocTasie-
Hue QuryopuMeTpa, U caMmoe TiiaBHoe, kadenpy Onohu3ukn u nekaHaT (GU3nIecKoro GakyibTeTa
Kpacnosipckoro rocynuBepcureta, B ocooeHHoctu XonoctoBy 3.I'., @umosa B.B., Crapukosa
IT.A., Jlonaruna B.H., Copokuna A.B. 1 MHOTUX Jpyrux COTPYIHHUKOB U JIpy3€H - 32 MHOTOJIET-
HIOIO TOMOIIb M TMOAJIEPKKY B paboTe, yuebe M HaydyHOU NesATeNbHOCTH, a Takke [Ipe3uneHt-
CKYIO MPOrpaMMy JJIsl CTY/IEHTOB U aCMPAHTOB POCCUHCKUX BY30B 3a MOAJIEPKKY MOEH CTaxH-

poBKU B YHUBepcutere OMopu (Atnanta, CIIIA).



I'TABA 1
ITOITYJIALIMOHHBIE ACIIEKTBI YVITIPABJIAEMOI'O KYJIBTUBHPOBAHUWA PEKOM-
BMHAHTHBIX HITAMMOB MUKPOOPI"AH13MOB

1.1. O6mme 3aKOHOMEPHOCTH POCTA U PA3BUTHUS MOMYJISIIUMA MUKPOOPTAHU3MOB TIPH YITPaB-

JIAICMOM KYJIIbTUBUPOBAHHUU

OnHO#l M3 yIMBHUTENBHBIX CHOCOOHOCTEH XHMBBIX OPraHU3MOB, MPAKTHYECKH HE HAOIIO-
JaeMasi B HEOpraHU4eCKOM MUpE, SIBJISIETCS] CIIOCOOHOCTH K Mpoindepary Ui, IpyrumMu clioBa-
MH, K IIOCJIeI0BAaTeIbHOMY JieNieHHI0. bakrepun, Aposkku, OOIBIIMHCTBO KIETOK BBICIIMX pacTe-
HUM U )KUBOTHBIX JEJSATCS Ha MPOTSHYKEHUU BCEH KU3HU, 3aMeIJIsisl U YCKOPSsS CBOW pOCT B 3aBH-
CHUMOCTH OT BHEIIHHUX yciI0BUi. CIOCOOHOCTH MUKPOOPTaHU3MOB, HallpuMep OakTepuid, K OBICT-
poii nponudepanyu O6bUIA MI0IO0TBOPHO MCIOIH30BaHA BO MHOTUX HANpPaBIEHUSX COBPEMEHHOM
OHMOIOTHH, B YACTHOCTHU TP U3YyYCHUH HAMIPABJICHU SBOJIOIMN B MUKPOOHBIX MOMYJISAIUSIX MTPU
HernpepblBHOM KyabTuBHpoBaHuu (Dykhuizen, 1993; Hartl et al., 1985; Smith and Waltman,
1995; Weikert et al., 1997; Ileuypkun, 1978; Ileaypkun u ap., 1990; A6pocos u ap., 1982) u B
OMOTEXHOJIOTHH JIJIsi IPOM3BOJICTBA PA3JIMUHBIX MOJIE3HBIX NMpoaykToB (Bailey et al., 1986; beii-
mu u Omnuc, 1989; baes, 1985; baes u brikos, 1987). Kak okazajiock BIOCIEICTBUU, POCT MHUK-
POOPraHU3MOB B PA3IMYHBIX YCIOBHUSIX KYJbTUBUPOBAHMS MOKET OBITH C JOCTATOYHOW JIETKO-
CTBIO OIMCAH MPOCTHIMU MaTEMaTHYECKUMH MOJAEIISIMH, KOTOPBIE BO MHOTHX CITy4asiX HE TOJBKO
KOJIMYECTBEHHO OMHUCHIBAIOT MPOLECC YBEIMUEHUS YUCICHHOCTH MOMYSLNUN MUKPOOPTaHU3MOB,
HO ¥ IPEJCKa3bIBAIOT, KAKOW M3 BApUAHTOB OyAeT OTOOpaH B pe3ysbTaTe BOJIOIUOHHOTO MPO-
necca, Hanpumep, B xemoctate (Dykhuizen and Hartl, 1983; Pirt, 1975; Smith and Waltman,
1995; AGpocos u np., 1982; Pomanosckuii u ap., 1975).

OCHOBHBIM IOKa3aTeeM OMOJOTUYECKON MOMYISILIUK SBISETCS €€ IMIIOTHOCTh, pa3Mep WU
qyuciaeHHOCTh nomynsauuu (Monod, 1949). Hanpumep, MUKpOOHBIE MOMYJSIMHA YacTO XapakTe-
PHU3YIOTCS YMCIIOM KJIETOK B efmHuIe 06bema (10° kaeTok/Mir) 160 ONTHYECKOH IIOTHOCTHIO,
W3MEPEHHOU Ha ompeneneHHol amuHe BoJHBI (0.5 OD nHa 540 HM). BropsiM 1 BO3MOXHO Ham-
OoJsiee BaXXKHBIM IOKa3aTeJeM SIBISICTCS CKOPOCTh pocTa Ouonormueckoil momymsiuuu (Monod,
1949).

B ycnoBusx, OnarompusTHBIX IJIS Pa3BUTUS TOIMYISAIUA MUKPOOPTaHU3MOB, €€ HYHCIICH-
HOCTb HAXOJWUTCS B MOCTOSIHHOW TWHAMUKE, KOTOpas CKJIAJIbIBAECTCA M3 MPUPOCTA, OTMUPAHMUS,

MYTaL[HfI, nocaaHusd XHUIMHUKaMM W T.II. HpI/IpOCT YUCJICHHOCTU IMOITYJIAIUA BCICACTBUC pa3-
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MHOXEHHSI 0CO0EH MOKHO 0XapaKTEPHU30BaTh VOEIbHOU CKOPOCMbIO pa3ZMHONCeHus: (AT POCTA)
L, KOTOpasi OTIPEEeIIeTCs] KaK OTHOIICHHWE TPUPOCTA YHCICHHOCTH TIOMYJISIMHA K €€ YUCICHHO-

cTtu N:

1 dN
u=——---: (1.1.1)

N dt

Jns ycnoBuii, B KOTOPBIX YAENIbHAsI CKOPOCTh POCTA MPEACTABISAET NOCTOSHHYIO BEIIMUNHY
(mepuoanyeckas KyabTypa WU TypOWUAOCTAT), NPSAMbIM HMHTETPUPOBAHHEM MBI HAXOJUM W3-
MEHEHHE YMCIICHHOCTH MOMYJSLHUHA CO BPEMEHEM, MOAYMHSIONIEECS HKCIIOHEHLIHAJIbHOMY 3a-

KOHY:
N(t)=N(0)exp(ut), (1.1.2)

rae N (0) - YACJICHHOCTH IOMYJISALIUKA K MOMEHTY BpeMeHH ¢ = (. Eciii IpeanonokuTs, 410 pocT
HOMYJISALUY IPOUCXOAUT MPOCTHIM JEJICHUEM Ha JBE KJIETKHU (Kak, Hanpumep OakTepuu) U3 mpo-
CTeHero ypaBHeHuss N (g): N (O) £, TOe g - YUCIIO TeHepaluii, Mbl HaXOJHM CBSI3b CKOPOCTHU

poCTa MOMYJISIUH U CPETHUM BPEMEHEM T€HEpaliu 1, :

== (1.1.3)

AHAJIOTHYHBIM CTIOCOOOM MOKHO TaK)K€ OIMKCATh SJIUMHHAIMIO 0COOEH (KJIETOK) MOITyJisi-
[IUU B pE3yJbTaTe UX THOENU. DTOT KOJIUYECTBEHHBIN CIOCO0 OMHMCAHUS JUHAMHUKHU TOMYISIIAN
Ha OCHOBE KMHETHUYECKHUX YPABHEHMH LIMPOKO HCHOJIb3YEeTCS B HCCIEIOBAHUSIX Pa3BUTHUA IO-
MyJSIUN CaMbIX Pa3IMYHBIX OPTAaHU3MOB, HAUMHAS C MMPOCTEHIINX OaKTepHil M 3aKaHYUBasi MHO-
TOKJICTOYHBIMHU OpraHu3Mamu (Hampumep, napasut Plasmodium falciparum, BBI3BIBAIOIIHN Ma-
JSIPUIO), B TOM YHUCIIE M Pa3MHOXKaloUMXcs mooBeiM myTeM (Anderson and May, 1991; Pirt,
1975). PaccMoTpuM OCHOBHBIEC IPUMEPHI TAKOTO OTTHUCAHUS, UCIIOIB3YEMbIC IPHU MOJCITMPOBAHUN
JUHAMHUKY YUCIICHHOCTH MUKPOOPTaHU3MOB TpH yIpaBisieMoM KyabTuBUpoBanuu (IleuypkuH u
ap, 1990).

Ilepuoouyeckoe kynomusuposanue. Ilepuonniyeckoe KyJIbTUBUPOBAHUE OOBIYHO COCTOUT U3
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MOMEIICHHUS MOMYJISIIUY MUKPOOPTAaHU3MOB B CBEXKYIO ITUTATENBHYIO CPEy, COJCPIKAIIyIO B U3-
ObITKe HEeoOXonuMBbIe JUIsl pocTa cyOcTpaTsl. B mpomecce nanpHeHmero pasBUTHS CaMbIX pas-
JWYHBIX TOMYJSIUH JUHAMHKA MX YHCICHHOCTH OMMCHIBAET S- 0Opa3HYyIO (JOTHCTHYECKYIO)

KPHUBYIO, B O0IIIMX YepTax u300paxeHHyto Ha puc. 1.1.1.

N

>
>

t

Puc. 1.1.1. KpuBas u ¢a3sl pocta NOmyasiuy Npu NEPUOIUIECKOM KYJIbTHBHPOBAHUU. |-
nar-dasza, 2- norapudpmuueckas ¢asa, 3- gasza 3ameyieHus, 4 - craunoHapHas ¢asa, 5 - ¢gasza or-
mupanus (Monod, 1949).

Jloructuueckas KpuBasi pocTa MUKPOOHBIX MOMYJISIMI B MEPUOIUYECKON KYyIbTYpe Tpa-
JTUITMOHHO TOJIpa3fieNisieTcsl Ha psi mocienoBarenbHbix pa3 (Monod, 1949; Pirt, 1975; Ileuyp-
kuH, 1978; [leuypkun u ap., 1990): nar-dasza, norapudmudeckas daza (wim ¢aza SKCIIOHEH-
[IUAJILHOTO POCTa), a3a 3aMeIeHus, cTalioHapHas ¢a3a u gasza ormupanus (cm. puc. 1.1.1). B
nar-¢ase MmonyJssus MOAr0TaBIMBACTCS K Pa3MHOKEHHIO, €€ YNCICHHOCTh He MeHseTcs. OObId-
HO, B JIar-(pa3e MpOUCXOANT HAKOIICHUE B KIIETKaX MUKPOOPTaHU3MOB JIOCTATOYHOTO YHCIIA PH-
60ocoM, crmocobHOro obecrneunTh cOalaHCUPOBAaHHBIN pocT B HOBBIX ycinoBusx (Ehrenberg and
Kurland, 1984; Neidhardt and Curtiss, 1996; PomanoBckwuii u np., 1975; Bonbkenmreiin, 1978).
B norapudmuueckoii ¢daze 4UCICHHOCTh MOMYJSAIMH PACTET SKCHOHEHITUATBHO C TMOCTOSHHOU
CKOPOCTBIO [l B COOTBETCTBUHU C ypaBHeHUeM (1.1.2). OueBngHO, 4TO MO 3aBUCUMOCTH In N
OT BPEMEHH MOKHO C JIETKOCTBIO (TpaduyecKu JTUOO0 MCIOIB3YI0 JTUHEHHYIO PETPECCUI0) Ompe-
JIeNTUTh MAaKCUMAJIbHYIO CKOPOCTh pocTa momymsauuu U, . (Monod, 1949). B ¢aze 3amennenus
CKOPOCTh pOCTa MOIYJIALIMHA CHUXKAETCS, TOT/Ia KaK B MOCIEQYIONeH cTalnoHapHoil ¢a3e Haxo-

JUTCSI Ha IPUMEPHO MOCTOSIHHOM ypoBHE. CHM)KEHUE CKOPOCTH POCTa MOMYJISILIMM MUKpOOpra-

HHU3MOB OOBIYHO CBSI3aHO C HCUYCPIIaHUEM TEX WMJIN WHBIX CY6CTpaTOB, XOTs BO3BMOXHO U IIPsAMOC
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MHTHOMPOBAaHKUE POCTA HAKOIUIEHHBIMU MPU POCTE MPOIYyKTaMH MeTaboin3mMa OakTepuil Uiu 13-
MeHeHHe HOHHOTO cocTaBa cpenbl (pH) (Monod, 1949). B da3e orMupanusi Y4MCIEHHOCTD TOITY-
JSUUU CHUXKAETCSI.

Jloructuueckast KpuBasi pocTa HE OMHUCHIBACTCS MPOCTONM MOJENBIO IKCIIOHEHUUATBHOIO
pocTa, yueT ke JIUMUTHPOBAHMS pocTa OaKTepuil B MEPUOINYECKON KyJIbType MPUBOIAUT K 3Ha-

MEHUTOMY ypaBHeHUIO DepxronbcTa-I1Inpiia uim npocTo JIOrucTU4eCKOMY YpaBHEHHUIO:

AN _ 1N, (1.1.4)

dt K

rae ¥ 1 K cOOTBETCTBEHHO MaKCHMajbHasl yAeIbHasi CKOPOCTb POCTA MOMYJISILUY U IPEAEIIbHAS
€MKOCTh Cpe/ibl. DTO ypaBHEHHE - (DEHOMEHOJIOTHUECKOE, B HEM HE 3aKII0UE€HO HUKAKUX TUIIOTE3
OTHOCHUTEJIBHO MEXAHU3MOB, OIPEAEIAIONINX JIOTUCTUYECKUI pOCT nomysanui. [lone3Hocts ero
COCTOUT B TOM, YTO B IIPOMHTETPHUPOBAHHOM (hOpME OHO KAUECTBEHHO COOTBETCTBYET PEabHBIM

S-00pa3HbIM KPUBBIM POCTA TTOIYJISIIHI:

NO
N(t)_KNO +(K =N, )exp(—rt)’ (1-15)

rac NO - Ha4YaJIbHAaA YU CJICHHOCTD IOITYJIAINHN.

OOBIYHO NEPUOTUYECKOMY KYJIbTUBUPOBAHUIO CBOMCTBEH P HEAOCTATKOB, KOTOPHIE B Ka-
KOW-TO MEpe OTpaHUYUBAIOT ero mmpokoe npuMmenenue (Ileuypkun u ap., 1990). B mpomecce
NepuoaANYCCKOro KYJIbTHUBUPOBAHUA IMOCTOAHHO MCHAKOTCA MapaMCETpbl, OMPCACIIAIONINC CKO-
POCTh pOCTa MOMYJSALNUNA MUKPOOPTaHU3MOB (HampuMep, KOHIIEHTpaIusi cyOCTpaToB, MPOIyKTOB
MeTa60J'II/13Ma u T.II.), IpHUYCM HCCIICOO0BATCIIIO HC BCCr/la U3BCCTHO KAKMC UMCHHO. HCCMOTpH Ha
TO, YTO HEKOTOPBIC BHENTHUE (PAKTOPHI MOTYT OBITH 3apKCUpPOBaHKI (TemMmneparypa cpensl, pH u
T.1.), BCE K€ MHOTHE XapaKTePUCTHKH MHKPOOHOTO POCTa HE ympaBisieMble. DTH HEJOCTAaTKU
MOTYT OBITh CKOMIIEHCUPOBAHBI NPU HENPEPHIBHOM KYJIbTUBUPOBAHUU OaKTepuil B XeMocCTare
Wwim TypOugocTare (cM. nanee).

[lepuoanueckoe KyJIbTUBHpPOBAaHUE, XOTS CKOpee M OTHOCUTCS K (DEHOMEHOJIOTHYECKOMY
YPOBHIO HCCHCZ[OBaHHfI, TEM HE MCHEC OGH&I[&CT OJIHHWM HCCOMHCHHBIM MNPCUMYIICCTBOM I10
CPaBHEHMIO C HEMPEPHIBHBIM KYJIbTUBUPOBAHHUEM - alllapaTHOU npoctoToi. OxHumM U3 Hanbosee

APKUX IPUMEPOB HCIOJIB30BAHUSA IIEPUOJUYECKOTO KYJIbTUBUPOBAHUS SBIIACTCS KYJIbTHU-



BUPOBAaHNE MUKPOOPTaHW3MOB B MOCeA0BaTeNbHBIX naccaxkax (Ganusov and Bergstrom, 2001;
Lenski et al., 1998; Lenski and Travisano, 1994; Levin, 1972; Levin et al., 2000; Nguyen et al.,
1989; Papadopoulos et al., 1999; Reynolds, 2000; Sniegowski et al., 1997).

107 103 103

Puc. 1.1.2. CxemaTuueckoe IMpEACTaBICHUE CEpUU NMEPUOAUYECKHX KYJIbTYp (cepusi mac-
caxeil), B KOTOpOH Manas 4acTh (Ha pucyHke d =107 ) MCXOIHON MUKpPOOHOH MOMYINIAINH Tie-
pecaxxMBaeTCsl U3 CTAllMOHApHOW (ha3bl B CBEXKYIO Cpelly, BHIPALIMBAETCS 10 CTAl[MOHApHOH (a-
3bl, IEPECAKUBACTCS B CBEXKYIO Cpely U T.1.

CyTb cepun mocienoBaTeIbHbIX MEPHOANYECKUX KyIbTyp (HazbiBaeMoil B Levin ef al., 2000
serial transferic culture) 3akmouaercs B ciemnyromeMm. KynbTypa MHKPOOPTaHM3MOB BBI-
palmuBaeTcs B CTaHIAPTHOM Mepuoaudeckon cpene (MuHuManbHas, Luria — Bertani (LB), wim
JIp. - B 3aBUCHUMOCTH OT II€JTM MCCIIEIOBaHUs) 10 cTanmoHapHou ¢asel (puc. 1.1.1), a 3aTem ma-
Jast 9acTh KyJIbTYphl IIEPECAKUBACTCS B UACHTUYHYIO CBEXKYIO Cpeay, TJe Mpolecc pocTa U Mo-
CJIEI0BATEIbHON “liepecagku’ MOBTOPSIETCA.

OTOT crocod KyJIbTHUBUPOBAHUS OTPaKaeT HEKOTOphIe OMOJIOTHMUECKH HAOII0JaeMble CH-
TyaluH, rje 6akTepuu OOJBIIMHCTBO BPEMEHU HAXOASTCS B CTALIMOHAPHOM COCTOSIHUM MPH OT-
CYTCTBHM Kakoro-mM0o pocTa WM PacTyT € OYeHb Mayoil ckopocthio (Awong et al., 1990;
Sobecky et al., 1992), uyto Takke HabmrOmaeTcs B CTalMOHApHOW (a3ze mMpu MEPHOTUIECKOM
kynpTHBHpoBaHuu (B. Levin & A. Demma, nepcon. c006.; (Demma, 2001)), noxunasce oue-
peaHON “MOANMMUTKU”, B TEUEHHUE KOTOPOH POCT MHUKPOOPTAHU3MOB MPHUOIMIKEHHO SIBIISIETCS DKC-
NOHEHIMATBHBIM. Takoil MeTo/ KyJIbTUBUPOBAHMS MO3BOJISIET HAOMIONATh UHTEpecHeimue ¢e-
HOMEHBI, KaK HalpHUMep, COCYIIECTBOBAHKE JBYX (M TEOPETHYECKU OOJIee) pa3HOro BHUJIA IITAM-
MOB OaKTepHii MpH UIUTEIBHOM NepuoaudeckoM KyabTuBupoBanuu (Levin, 1972). Oxnoil u3
BaXHBIX OCOOCHHOCTEH MOCIIEeI0BATEIbHOTO MEPUOANYECKOT0 KyJIbTUBUPOBAHMUS SIBISIETCS BO3-
MOYKHOCTh M3MEPEHHsI OTHOCHTEIBHON NMPHUCIIOCOOIIEHHOCTH OakTepuanbHbIX KieTok (fitness),

Harmpumep, miasMuacoacpKalux u 66CHJ’I33MI/II[HI)IX, B TaK Ha3bIBACMbIX KOHKYPCHTHBIX 3KCIIC-
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puMeHTax (competition experiments) (Ganusov and Bergstrom, 2001) wiu onpeneneHue cKopo-
CTH TOTEpU TUTA3MUJ B CETpEraliMoOHHBIX JKCIEpUMEHTaxX (segregation experiments). Meton
KOHKYPEHTHBIX 3KCIEPUMEHTOB, B YACTHOCTH, ObLJI IPUMEHEH B MpejjiaraeMoil paboTte u ajarn-
TUPOBAH ISl OTIPEJICIICHUS 3aBUCUMOCTHU CEJICKTUBHOTO KOA((DUIIMEHTA MIa3MHUIHBIX KIETOK OT
3 (PEKTUBHOCTH IKCIPECCUH T€HOB, KIIOHUPOBAHHBIX B Iiazmuje (rinasa 4, 6osiee moapoOHO O
KOHKYPEHTHBIX JKcrepuMeHTax cM. (Ganusov and Bergstrom, 2001; Levin et al., 2000;
Reynolds, 2000)).

Henpepuignoe kyromusuposanue. B Hauane 50-x ronoB 0bU1M 000CHOBAHBI ¥ TPUMEHEHBI B
HKCIIEPUMEHTax JBa BUAA HEMPEPHIBHON KYJIbTYphl - C MOCTOSHHBIM IPOTOKOM Cpeabl depes
KyJIbTUBATOp (XEMOCTAT) U MOCTOSHHOW ONTHYECKON TIIOTHOCTHIO OMOMACCHI B KYJIbTHBATOPE
(typbumoctat wim iotHoctat) (Dykhuizen and Hartl, 1983; Herbert et al., 1965; Monod, 1950;
Novick and Szilard, 1950). Konnearpanus 6uoMaccsl B TpaJUIIMOHHOM TypOUA0CTaTE CTAOMIIN-
3UpYeTCs M0 U3MEPEHHUIO ONTHYECKOMN MIOTHOCTH WJIM MYTHOCTH KYJIbTYpPbI, OTHAKO B PAJE CIIy-
YaeB ATO JOCTUTACTCS C MOMOIIBI0 U3MEPEHHs psa APYrUX XapaKTEPUCTHUK Pa3BUBAIOIIEHCS
KYJIbTYpbl MUKPOOPIaHU3MOB, W3MEHSIOIMIMXCS OJHOBPEMEHHO C POCTOM MOMYINSIHMH, KaK Ha-
npumep pH-crat, CO,-ctat u psaa apyrux (Ileuypkun u np., 1990).

[TpuHTIUTIMATEHONW OCOOCHHOCTBIO XEMOCTATa SIBJISIETCS MOCTOSHHBIN MPOTOK MUTATEILHON
CpeIbl ¢ yIENBbHON CKOPOCThIO pa3baBieHust D, TOT[a Kak B IJIOTHOCTATE ATY POJIb UTPAET MO-
CTOSIHCTBO TUIOTHOCTH TOMYJISLUNA MUKPOOPTaHU3MOB, KOTOPOE 00€CIeUnBAETCS PETyIUPOBKOM
CKOpPOCTH Pa30aBJICHUs CPEIbl: C MOMOIIBI0O TEXHUUECKUX CIEAALINX YCTPOHCTB CBEXasl cpesa
MOJAETCSI CO CKOPOCTHIO PAaBHOW CKOPOCTH MPUPOCTA MUKPOOHOH MOMYJISAIIUUA. DTa pa3HUIIA OCO-
OCHHO OYEBUIHA MPU PACCMOTPEHUH MaTEMaTUYECKHX MOJIETIeH XeMocTaTa U INIOTHOCTATA.

B ciiyuae xemMocTaTHOro KyJNbTUBHPOBAHUS POCT MOMYNSALMU MUKPOOPTaHHU3MOB OIHCHI-
BaeTcs cienyromeil cucremoit auddepenunansapix ypaBHeHuit (Dykhuizen and Hartl, 1983;

Herbert et al., 1965; Pirt, 1975):

X =(u-D)X,
S:D(SO—S)—K, (1.1.6)
y

rae X- 4YUCIeHHOCTh (IUIOTHOCTh) MUKPOOHOM nonynsanuu, S,, S - KOHIEHTpanus cyocTpaTta BO

BXOJIHOM cpenie U B epMeHTepe, - KOdD(HUIIMEHT SKOHOMUIHOCTH HCIIOIB30BaHUS CyOCTpaTa,

U~ yaenbHash CKOPOCTh POCTa MOMYJISALMH, 33jJaHHas B BUie, npeiokeHHoM Mono (Monod,
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1949), u(S)=pu,,.S / (K st S), ¢ MAKCUMAJIbHOM CKOPOCTBIO POCTa AL, = M KOHCTAHTOH IOIy-
HacplmeHus K .
Tak Kkak B CTallMOHAPHOM COCTOSHMU [ = D, MBI HaXOJUM CIIEAYIOIIEC BBIPAKECHUE IS

CTAllMOHAPHON KOHILIEHTPAIIUH cyOcTpaTa:

KD

§=—5—".
:umax_D

(1.1.7)

[Tpu maneix D cranpoHapHasi yAeiabHas CKOPOCTh pOCTa MUKPOOHOW MOMYJNSALUU SBISETCS
OUCHb HHU3KOM, ClIeI0BaTEIbHO, XEMOCTAT MO3BOJISET UCCIEN0BaTh OCOOCHHOCTH MOIYJISIIMOH-

HOW JMHAMUKHU MOMYJSIUI MUKPOOPTaHU3MOB B YCIOBUSX ITyOOKOTO JTUMHUTUPOBAHUS (T.€. IIPH
S < Ky). IIpu OonpImux CKOPOCTIX pOCTa XEMOCTAT OKa3bIBaeTcst HeycToiuuBbIM (Pirt, 1975).

B niotHOCTaTe ynenbHas CKOPOCTh pa30aBlIeHUs] CPellbl ONMpPEeNsieTCs MIOTHOCTHIO MOITy-

JSIIMM U B MJICAJIbHOM Cilydae 3ajaercs ¢pyHkuueil Xepucaiina:

D(X)— 0, if X <X, (1.1.8)
B D, otherwise o

[TonpoOusiii ananu3 moxenu (1.1.6) mpu ycmosun (1.1.8) mokaspiBaeT, 4YTO B INIOTHOCTATE

MHKPOOPTaHU3MBI PACTYT ¢ MaKCHMaJIbHO BO3MOXKHOW CKOPOCTBIO [l = [l ., & CIEJOBATEIbHO

TypOUIOCTAThI METO/ KYIbTHBUPOBAHUS IMO3BOJISIET MCCIEA0BAaTh OCOOEHHOCTH MOIYJSIIHOH-
HOW JIMHAMMKU MOMYJIALUNA MUKPOOPTraHU3MOB B YCIOBHSIX POCTa, OJM3KOrO K HKCIOHEHIHAIb-
HOMY (T.€. HETUMUTHPOBAHHOMY).

B nenom HempepslBHOE KyJIbTUBUPOBAHHE MO3BOJISET MPOBOJAUTH SKCIEPUMEHTAIBHBIE HC-
CJICZIOBAHUS JUISl ITMPOKOTO KPYTra BApUAHTOB: C PA3IMYHON CTETIEHBIO TUMUTUPOBAHUS, HHTUOH-
poBaHus M 0€3 BHEIIHEro OrpaHUYEHHs pOCTa, B MPOCTPAHCTBEHHO OJHOPOIHBIX U I'€TE€pPOreH-
HBIX cpellaxX U T.I. M, 4YTO CaMoe TJIaBHOE, B TOCTOSIHHBIX BHEIIHUX YCIOBHUSX.

OTH 0COOEHHOCTH IEMOHCTPUPYIOT MOAABIAIONIEE MPEUMYILIECTBO HENPEPHIBHOTO KYJIbTH-
BUPOBAHUS HaJ| MEPHOAMYECKUM B HM3Y4YE€HHE MHOTOUYHUCICHHBIX TOHKUX 3(()EKTOB perymupo-
BaHMsI TTOMYJISAIIMOHHON quHAMUKU MUKpoopranu3mMoB (Dykhuizen and Hartl, 1983; Tleuypkun u
ap., 1990). OnHako 3TH TOCTOMHCTBAa B JOCTaTOYHOM MEpe 4acTO CKOMIIEHCHUPOBAHBI amma-

paTHOM CIIOKHOCTBIO XeMocTara U yx TeMm Oonee miotHoctara (beitnmu u Ommuc, 1989; [euyp-



16

KHUH # 11p., 1990).

OnHUM M3 MOIIHBIX HAIMpPaBJICHUN MCTOIB30BaHUS YIPABISIEMOTO KyJIbTUBUPOBAHUS (Kak
HETPEPHIBHOTO W TEPHOAMYECKOTO, TaK M WX IPOHM3BOIHBIX) SBJISCTCS OMOTEXHOJIOTHYECKOE
MPOU3BOJICTBO PA3IUYHBIX IMOJE3HBIX MPOAYKTOB (AMHHOKHCIOT, (DEpMEHTOB, OEJIKOB, MHTEp-
(GEepoHOB U T.I.) C MOMOIIBID TEHETHYECKH MOJIU(PHUIIMPOBAHHBIX MHUKPOOPTAHU3MOB, COJEP-
JKAIIUX PEKOMOWHAHTHBIC IMJIa3MHUbI, B COCTaBE KOTOPHIE KJIOHUPOBAHBI T€HBI, OTBETCTBEHHBIC
3a TPOU3BOACTBO Tosrydaemoro mpojaykra (Bailey et al., 1986; Bailey et al., 1983; Lee and
Bailey, 2000; beiinu u Omnwmc, 1989). YUacto, ofHaKO, 3TH PEKOMOMHAHTHBIC IITAMMBI OKa3bl-
BAIOTCS HECTAOMIIBHBIMA UMEHHO TIPH JUTUTEITLHOM KYJIbTHBHPOBAHUH, T.€. TEPSIFOT CIIOCOOHOCTH
MIPOU3BOIUTH TMOJIE3HBIN MPOYKT, YTO CBA3AHO YACTO JTUOO C TOTEpel TUIa3MUIbI, JTHOO ¢ h3Me-
HEHHEM OJKCIPECCHH KJIOHHPOBAHHBIX TEHOB. llepHoimueckoe W HENpPEephIBHOE KYJIbTH-
BHUPOBAHKE MPEATIATAIOT MUPOKUI HAOOP CPEACTB ISl U3yUEHUST OCOOCHHOCTEH TaKOTO poja He-
CTaOWIIBHOCTH TIIA3MHJICOJIEPIKAIIUX KIETOK MPH X KYJTbTUBUPOBAHUH B PA3IMUHBIX YCIOBHUSX
(Bentley et al., 1990; Brownlie et al., 1990; Duetz and van Andel, 1991; Godwin and Slater,
1979; Noack et al., 1981; Wouters et al., 1980).
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1.2. HectaOuiibHOCTh peKOMOMHAHTHBIX IITAMMOB MUKPOOPTaHU3MOB IIPH YIIPABIISIEMOM

KYJIbTUBUPOBAaHUHU

PekoMOMHAHTHBIM MUKPOOPTaHU3MOM OOBIYHO HA3BIBAIOT ITAMM, COJCpPXKAIIUNA B CBOEM
COCTaBe PEKOMOWHAHTHYIO TIa3MHUy (MJIM HECKOJIBKO TuIa3Mun). B cBowo odepens, pexomOu-
HaHTHas IJIa3MHJA MOJYYaeTcs] KJIOHUPOBAHHEM C IOMOUIbI0 METOJOB I€HETHYECKOM HHKe-
HEPUHU OIpe/IeTICHHBIX T€HOB (HAalpUMEp, BBICIIUX PACTEHUHN, KUBOTHBIX U B TOM YHCIIE U YEJIO-
BeKa) B 0c000ii Morekye, HazpiBaeMoil BekTopoM (beiinu u Ommuc, 1986; Summers, 1996).

Bexmopuwi- 310 monekynbl [IHK, oGecnieunBaromume ammiudukamnmio (SKCTPaKOTTUPOBAHHE)
¢parmenta JIHK B pactymieit momynsauuu kinetok. UToObl BEKTOp OTBEYAT BCEM IPEIbABISIEMBIM
K HEMY B Ipollecce KIIOHUPOBaHUS TPeOOBaHUSAM, OH JOJIKEH 00JIaaTh CIEIYIOIIUMHU CBOMCT-
Bamu (beitnn u Onnuc, 1989):

1. CnocoGHOCTBIO PETUTUITUPOBATHCS B KIETKE-XO3SIMHE.

2. CnocoOHocThI0 BKIIO4aTh uyxeponausie JJHK paznuunoil MonekyssipHOi Macchl 6e3 Ha-
PYIIEHHSI CIOCOOHOCTHU K PETIMKALIUH.

3. JIerkocThI0 BBECHUS B KJIETKY-XO035IMHA [TOCIIE BKIItoUeHUs uykepogHon JTHK.

4. Hanuumem eenemuuecko2o mapkepa cenekyuu, 00ECIeYrBaIOIer0 OBICTPYIO TMOJIOXKH-
TEJIbHYIO CEJIEKINIO KIJIETOK, COAEPIKALUX BEKTOP.

5. Hanuuwe TOJIBKO OAHOTO CaiiTa, MOJBEPraroOlIErocsl pPacHICIVICHUIO OJHOW WM He-
CKOJIBKUMU PECTPUKAIMOHHBIMU dHIOHYKJICa3aMHu.

Hns xnonupoBanuss JIHK B camoit pacmpocTpaH€HHON I U3y4deHUS JHTEPOOAKTEpUU
Escherichia coli npuMeHSIOT 1Ba KJlacca BEKTOPOB - IJIa3Muabl U Oakrepuodaru. Haubonbiee
BHUMaHuE Mpu paboTe ¢ PeKOMOMHAHTHBIMM IITaMMaMu OaKTepHuil ynensiercs, HECOMHEHHO,
TUTA3MUIHBIM BEKTOPaM.

[Tnasmunon HazpiBaercs mojiekyina JIHK, cymectByromas u permamuupyromas He3aBUCUMO
ot GakTepuanbHON xpoMocoMbl (Actis et al., 1998; Lederberg, 1998; Summers, 1996). IInazmu-
bl OOBIYHO TMPEJCTABISIOT COOOM OTHOCHTEIBHO HeOoJsbmue (10 CPaBHEHHIO C XPOMO-
comanpHOM /IHK) KosbLieBble (MM JIMHEHHBIE) MOJIEKYJIBI C MOJIEKYJISIPHOM Maccoil mopsaka
106-108 maneron, mwmm 5 - 100 T.m.o. (puc. 1.2.1). IlnasmMuasl 0OBIMHO HE BBIIOIHSAIOT KAKHX-
aM00 CyIIECTBEHHBIX (YHKIHM B HOPMaJbHBIX YCIOBHUSX >KU3HENEATEIBHOCTH MHKpPOOpra-
HU3MOB, 3a4acCTyI0 CHMYKasi CKOPOCTh POCTa MUKPOOHOM M1a3MuIcoiep Kalleil Momysium, HO B
TO K€ BpeMsI MOTYT 00€CIIeUnBaTh KJIETKY PSIIOM IMOJE3HBIX (B CHCIU(UUECKUX YCIOBUSIX) Ka-

gyectB (Lenski, 1991; Lenski, 1993). YcranoBneHno, Hanpumep, 4TO ITUIa3MUJIbI, Ha3bIBAEMbIE R-
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daktopamu (pakTopamMu YCTOMYMBOCTH), OOYCIABIWBAIOT YCTOMYMBOCTh OaKTepuUil K aHTH-
ouoTukaM, a D-mmasMubel (MU TUTa3MEIBI OMOAeTpaialii) KOAUPYT psn GepMeHToB, obec-
MEYMBAIOIINX PACIICIUICHUE TsOKENbIX yraeBoaopoaos (I[leuypkun u ap, 1990; lenkynos, 1987;

boponuH u np., 1985).

Puc. 1.2.1. Dnexrponnas mukpodororpadus miazmuasl pSC101 (x230000). Ita xonblieBas
JHK, cymecTByiomas 1 persiMuupyiomnas He3aBUCUMO OT OaKTepHaJIbHOH XPOMOCOMBI, ObliIa
Ba)XHBIM MHCTPYMEHTOM B NEPBBIX dKcnepuMenTax ¢ pekomOuHanTHeiMu JIHK (u3 beitn un On-

nuc, 1989).

K uncny Hanbosnee nOMyaspHBIX IUIA3MUIHBIX BEKTOPOB ISl KIOHUpPOBaHUA B E. coli oT-
Hocutesa masmMuia pBR322 (puc. 1.2.2), cogepxaiuas psj €JUHUYHBIX CAUTOB PECTPUKIINH, T'e-
Hbl YCTOHYMBOCTU K TETPALUKIMHY U aMIUIWUIMHY, a TaKKe INeHbl KOHTPOJIA KOMMHHOCTU
IUIa3MUJbI, OOecrieuynBaroye aMIUIM(UKALNIO TUIA3MUABI B KJIETKE M MOCJIEI0BATENbHOE CTa-
OuJbHOE HaclleIoBaHHE IUIa3MUABI B MOMYJIALUHM MUKPOOPIaHW3MOB IPHU AJUTEIBHOM KYIIb-
TUBUPOBAHUH.

Taxum 006pa3oM, Ipu MOMOIIY METOJI0B FEHHOM MHKEHEPUH U MOJIEKYJIIPHON OMOJIOTUU MBI
UMEEM BO3MOXKHOCTh CHHTE3MPOBATH Psi/i LIEHHBIX DYKAPUOTHYECKHX OEJIKOB, BCTpAaUBasi COOT-
BETCTBYIOILME HYKJICOTUHBIE NTOCIEI0BATEILHOCTH B BEKTOpa, 00ECIIeUNBAIOIINE PEINIUKALIUIO
1 3(pPeKTUBHYIO SKCIPECCHIO PEeKOMOWHAHTHBIX T€HOB.

OpHaKko B MHOTOYHUCIIEHHBIX KCIEPUMEHTAIBHBIX UCCIEAOBAHUAX OBLIO OOHAPYKEHO, YTO
JIOBOJIPHO 4YacTO JJIUTEIBHOE KYJIbTUBHUPOBAHUE IUIA3MMJICOAEPKALIUX IMITAMMOB MHUKpPO-
OpPraHU3MOB IMPHUBOAMUT K SJIMMHMHALMM PEKOMOMHAHTHBIX KJIETOK M 3aMEHE MX Ha Oecruias-

muaHble BapuaHThl (Brownlie et al., 1990; Bugeja et al., 1989; de Taxis du Poet et al., 1986;
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Godwin and Slater, 1979; Jones et al., 1980; Keevil et al., 1987; Kleinman et al., 1986; Lee and
Lee, 1994; Melling et al., 1977; Noack et al., 1981; O'Kennedy and Patching, 1997; Ramesh et
al., 1995; Sayadi et al., 1987; Sterkenburg et al., 1988; Wouters et al., 1980).

Bsu15l 23

Apol, EcoRl 4358 | Hindlll 29

Eco32l 185
Aatll 4264 BamHIl a7s
Sspl 4188 Nhel 229 Pael EB62
Seal 3844 SgrAl 408 Xagl 62
_
Pvul 3733 Safl 651
4183 &
Pstl 3607 Pshil 712
Vspl 3537
Eco31l 3433 Ecob2l 939
e
Eanr1051 3351 Bsp68l o72
pBR322 BspMI 1082
4361 bp
3133 178
2 Mval269] 1253
=
%, Eco1301 1369
ANl 2884 B0 1915 ’ EcoB8] 1425

7106
Bpu10l 1580 Misl 1444

AR, BspLU111 2473 @ Bsgl 1650

Sapl 2350 Puiill 2064 Kpn2l 1664
Ndel 2295 Esp3l 2122 Bsh13651 1668
Bst11071 2244/ (ITth1111 2217

BsaAl 2225

Puc. 1.2.2. T'enetnueckas kapra mna3mubl pPBR322. [TokazaHsl JIOKYCHI TEHOB U PAJl CAUTOB
pectpuknuu. PactmmdpoBana nocienoBaTelbHOCTh BceX 4361 mapbl OCHOBaHUWH TIa3MHUIbI (U3
6a3b1 nanabix MBI Fermentas inc.)

Takoro pojia momyiIsIIUOHHAsE HEYCTOMYMBOCTH IITAMMOB MUKPOOPTaHU3MOB, COJIEPKAIIUX
PEKOMOWHAHTHBIE TUIa3MHUJbI, OOYCIIOBIIeHA TpeMsi OCHOBHbIMU TpuunHamu (Bempkos, 1983,
[Teuypkun u ap, 1990; Llenxynos, 1987; Imanaka and Aiba, 1981):
1) cerperamnueil miasMui, KOTr1a 4acTh KJIETOK MOMYJSLUUN YTpadyuBaeT MIa3MUIbl IpU Je-
JICHUU;

2) HeCcTaOMIBHOCTHIO T€HETHYECKON CTPYKTYpPHI IUJIa3MHJ, NMPH KOTOPOM TUIa3MHUIBI CO-
XpaHsSI0TCs B MOMYJISIUU, HO B ©3BMEHEHHOM BH/IC;

3) oTIMYMEeM KMHETHYECKUX XapaKTEPUCTHK POCTa MOMYJISINH IITaMMa, COJIEPKaIIero ak-
TUBHO (PYHKIMOHUPYIOIIME IUTa3MUIBI, B CPAaBHCHHHM C AHAJIOTHYHBIMU Yy Oecriias-
MUIHOTO HITaMMa, JIM0O y IITaMMa, COJIePKallero N3MeHEeHHbIE TIa3MU/IbI.

OTnuune KUHETUYECKUX XapaKTepUCTHUK CIYXXHUT CBOeoOpasHbIM 'ycunutenem' HecTa-



20

OMIIBHOCTH PEKOMOMHAHTHBIX KJIETOK, MOCKOJIbKY OJlarojjapst €My CO3JaeTcsl CEJICKTUBHOE Ipe-
MUMYIIECTBO B CKOPOCTH Pa3MHOKEHHUs OECIUIa3MUIHOTO IITaMMa M IITaMMa ¢ M3MEHEHHBIMU
wiasmMuaaMi. Ecnu ke B AKCIEpUMEHTax MpHU JUIMTEIbHOM KyJIbTUBHUPOBAaHUHM HaONIOAaeTcs
npaktudecku 100%-Hast cTaOMIIBHOCTH PEeKOMOMHAHTHOTO MITaMMa, TO 3TO O3Ha4yaeT JTU00 HU3-
KYyI0 BEpOSITHOCTh OOpa30BaHUSl CErPEraHTOB WM HM3MEHEHHBIX IUIa3MUM, JIMOO HEKOHKY-
PEHTOCTIOCOOHOCTH ITHUX BapUAHTOB MO CPABHEHHIO C UCXOJHBIM IIITAMMOM.

Ceepecayuonnas (peniukayuoHHas) HeCmaoulbHOCMy TIa3MHU 0OBIYHO OOYCJIOBJICHA OT-
CYTCTBUEM (WJIM HApYIICHWEM) B BEKTOpaX I'€HOB, OTBETCTBEHHBIX 32 ABTOHOMHYIO PETUTHKAITIIO
ma3Mu] (CHKeHne (O PEKTUBHOCTH KOHTPOJIs KonmuitHOCTH, (Actis et al., 1998; del Solar et al.,
1998; Nordstrom et al., 1984)); oTcyTcTBHEM CHCTEMBI, CIIOCOOCTBYIOLIEH PACHICTIIICHUIO MYJIb-
THMEPOB B KJieTKe (Hampumep, cucreMa cer-XerD mmazmuasl ColEl, (Summers, 1998; Summers
et al.,, 1985; Summers and Sherratt, 1984)); orcyrcTBHEe MEXaHU3MOB TOYHOTO paclpeiciIeHuUs
TUTA3MUAHBIX KOMHUIM MEXIy JOYEpHUMHU KJIETKaMM TNpHU JEJIEHUHU MaTEepPUHCKOW (YTO OOBIYHO
CYIIECTBEHHO Ui MajokonuiHbix miuazmua, (Williams and Thomas, 1992)) u psa apyrux dak-
TOPOB, PAaCCMOTPEHHBIX O0Jiee Mo IPOOHO B TJaBe 3.

K Hacrosimemy BpeMEHH YCTaHOBJIIEHO, YTO B PETYJSIUU PEIUIMKAIMH TUTa3MUA OaKTepuid
Y4acTBYIOT CJIEIYIOIINE IETEPMUHAHTHI, oOpasytomue penaukorn (Actis et al., 1998; del Solar et
al., 1998; Khan, 1997; Nordstrom et al., 1984; Rasooly and Rasooly, 1997; Summers, 1996;
Thomas, 1988):

a) TOCJIEOBAaTENIbHOCTh HYKJICOTUAOB, C KOTOPOW NMPOUCXOAUT MHULMALMS PETUIH-
Kaluu (ori- y4acTOK, HEKOTOpbIE TJIa3MH/IbI, KaK, HampuMep F, coaep:kaT HECKOJIbKO Ta-
KHMX y4acTKOB);

0) CTpYKTypHBIE TE€HBI rep, KOHTPOJIUPYIOIINE PEIIUKAINIO TUIa3MUIbl (Hampumep,
RepA- 6enok B utazmuae R1 wim RNAIIL B mazmuae ColEl);

B) JCTEPMHUHAHTHl HEraTHBHOIO KOHTPOJS KOMUHHOCTU IIa3MUI cop (0OBIYHO MO-
nexynsl PHK cymmupoBano B (Actis et al., 1998; Summers, 1996)).

OOBIYHO AJI MIPEOJOJICHUS! CErperalluOHHON HEeCTaOUIbHOCTH PEKOMOWHAHTHBIX IITAMMOB
B HACTOsIIEEe BPEMsI HCIOIB3YIOT CIEAYIOIIKE ABe Ipynbl MeToaoB (Kumar et al., 1991):

1. BxiroueHue B cocTaB THOPHUIHBIX IJIa3MHUJ] T€HOB, 6€3 KOTOPBIX POCT KJIETOK B 3aJaHHBIX
YCIOBUSAX HEBO3MOXXEH, WJIM HCIIOJIb30BaHHE TEHOB, KOHTPOJMPYIOMIMX OHOCHHTE3 aMu-
HOKUCJIOT /ISl TOBBILIEHUS CTAa0MIIBHOCTH TJIa3MUACOAEPKAIINUX, ayKCOTPO(MHBIX MO ITUM aMHU-
HOKHCJIOTaM IITaMMOB.

2. Co3nmanue yciaoBUH, B KOTOPBIX KJIETKH, MOTEPSBIIKE TIa3MuIbl, morubarwT. Takoe ce-
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JIEKTUBHOE N1aBJICHHE B TOJb3Y IUIA3MUJCOJEPKAUINX KIETOK OakTepuil 4acTo co3faercs Jo-
OaBleHHEM aHTUOMOTHKA B Cpeay JJIsl KYIbTUBHPOBAHUS, KOTJa IUIa3MHIBI COZEP)KAT TeHbl aH-
TUOMOTUKOYCTOUHNBOCTH.

Hecmabunbnocmy eenemuueckoti cmpykmypbl niaasmud OOyCIOBJIEHA CIIOHTAHHBIMU W3-
MEHEHUSIMU MX T€HETUYECKOW CTPYKTYphl, HApUMEpP, TOUCUHBIMU 3aMEHaMH HYKJICOTHOB, Je-
JeUUsAMH, TYTUTUKAIUSAMHU, BCTPOMKaMu [S-3JIEMEHTOB M TPAHCIO30HOB U T.JA. MIHOT 1A IITaMMBI C
M3MEHEHHBIMH TUIa3MUJAaMH UMEIOT CEJIEKTUBHOE MPEUMYIIECTBO M0 CPaBHEHHUIO C UCXOIHBIM
BapUaHTOM, YTO, OJIHAKO, 3aBUCHUT OT YCJIOBUN pOCTa MOIYJSAIUH, THIIA OTPAHUYEHHS MUIIEBBIX
moTpeOHOCTEH, XapaKkTepa U3MeHeHuH B cTpykType miasmug u 1p. (Godwin and Slater, 1979).

Kpome >1eMeHTOB, CITOCOOHBIX K TPAHCIOKAIIMH, BOZMOXKHOM NMPUUYMHON CTPYKTYpHOW He-
CTaOUIIPHOCTH PEKOMOMHAHTHBIX IUIA3MHUJI MOTYT OBITh TOIMOJOTHYECKHE OCOOEHHOCTH BTO-
pPUYHON CTPYKTYphl Tuia3Mua. K TakuM 0COOEHHOCTSIM OTHOCHTCS, Hampumep, oOpa3oBaHHE
mmnuiek B nocienoBarenbHocTsaX JIHK, senstomumxcs manuaapomamu (Benbkos, 1983).

[Tna3MuHBIE BEKTOPHI, YaCTO CKOHCTPYHWPOBAHHBIE JOBOJHHO MPOU3BOJIBLHBIM 00pa3oM ¢
y4eToM ynoOCTBa KJIOHUPOBAaHUS U OTOOpa TpaHCPOPMAHTOB, MPHU JJIUTEIHHOM KYJIBTUBHPO-
BaHUM WHOT/IAa yTpauuBaioT ueisie (pparments! (Duetz and van Andel, 1991; Williams et al.,
1988). Ecu cTpykTypa NpHpOAHBIX IIa3MHU CO37aBaiach B pe3yibTaTe JUIMTEIBHOTO ICUCTBUS
€CTECTBEHHOT0 0TOOpa Ha CTaOMIIBHOCTh, TO B CIy4ae PEKOMOMHAHTHBIX IUIa3MHUJ] ATy paboTy
MPUXOAUTCA TPOBOJUTH TE€HHBIM HWH)KEHEpaMm, IMPUYEM 4YacTO B HAlpaBJICHUH, MPOTHBO-
MOJIO’KHOM JICUCTBHUIO ecTecTBeHHOTO 0TO0pa (Ileuypkun u ap., 1990).

Kunemuueckasa neycmotiuugocmos naasmuoHblX WMAMMO8 MUKPOOP2AHU3IMO8 O0YCIOBIEHA
CHIDKEHHEM YAETbHON CKOPOCTH pOCTa MOMYJISLUH, COAepKalIe peKOMOMHAHTHBIEC TUIa3MH/IbI,
M0 CPaBHEHUIO C M30TCHHBIM OecriasMuaHbIM BapuanToM (Aiba et al., 1982; Bentley et al.,
1990; Imanaka et al., 1980; Zund and Lebek, 1980). Hanpumep, xax Zund u Lebek oOnapyxunu,
3TOT 3P (HEKT 0COOCHHO YETKO HAOII0MAJICs ISl IITAMMOB, COJEPKAIIUX JTUOO0 OOJBIITNE 1O pa3-
mepy (>100 T.1m.0.), 1160 BeICOKOKOTMITHBIE (>20 KOMUi HA KJIETKY) TuiasMuabl. Hecmotrps Ha
TO, 4TO OOJbIIAsl YACTh UCCIIEOBAHUN MOJOOHOTO TUIIA TPOBEJEHA C UCIOJIB30BaHUEM MPUPOJ-
HBIX R-Tuta3mMuj OaKTepHid, CHH)KEHHE CKOPOCTH POCTa IUIa3MHICOACPIKALINX OaKTepuil Takxke
CIIpaBeUTMBO M IS Tiasmua ouonerpananuu (boponun u ap., 1985), u maorux apyrux (Ile-
qypkuH U 1p., 1990). Haubonee BeposiTHON mpuumHON 3TOTO 3((ekra SBISIETCS OTBICUCHUE
OMOCHHTETHYECKOTO amnmapara KJIETOK Ha 00ecriedeHHe TIa3MHUIHBIX (DYHKIIHMH, JTMOO HEIoCpe -
CTBEHHOE TOPMOXKEHHE CKOPOCTH pOCTa MPOAYKTaMu Ia3MHIHBIX reHoB (Bailey et al., 1986;

Bentley et al., 1990; Peretti and Bailey, 1987).
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B nomnonnenue xoTenock Obl MOAYEPKHYTH, YTO JI0 CUX HOP TOYHOT'O COOTBETCTBHUS MEXILY
NMOJIHBIM KoJinuecTBO azmMuHon [JJHK B xo3siickoil kineTku (YMCI0 KONMUM IMIa3MHUAbI X pa3-
Mep IIa3MU/IbI) U 00YCIOBIEHHOE MJIa3MUI0M CHUYKEHUE CKOPOCTH POCTa IIa3MUJICOIEPKAIIIX
IITAMMOB MHKPOOPTaHU3MOB MpemiokeHo He Obuio (Smith and Bidochka, 1998; Zund and
Lebek, 1980). bosee Toro, B Hammx dKCIEpUMEHTaX Mbl OOHAPYKHIIU, YTO CHIPKEHHE CKOPOCTH
pocTa MIa3MUIHBIX KJIETOK CBA3aHO HE MPOCTO ¢ MpucyrcTBueM ponoianurensHoit JIHK B kier-
KaX MHUKPOOPraHU3MOB, a CKOpee BCEro ¢ ypoBHEM 3((HEKTUBHON SKCIPECCUU, KOTOPYIO MPOSIB-
JSIOT TeHBI, KJIOHUPOBaHHKIE B Ma3Muje (cM. TiaBy 4; Aiba et al., 1982; Bentley et al., 1990;
Lenski et al., 1994b; Nguyen et al., 1989; Seo and Bailey, 1985).

Jlist onmcaHus TOMyASIMOHHOW NWHAMUKH HECTAOWIBHBIX PEKOMOMHAHTHBIX INTAMMOB
MUKpPOOPTraHW3MOB HanOojiee MPOAYKTUBHOE pa3BUTHE MOJIy4yHsia MOJENb, pa3paboTaHHas W
npoananusupoBanHas @. Ctioaptom u b. JleBunsim (nanee npocro moxenu JIC) (Levin and
Rice, 1980; Levin and Stewart, 1977; Levin and Stewart, 1980; Levin et al., 1979; Stewart and
Levin, 1977), 0630p npyrux mozaeneit cMm. B boponun u ap., 1983). Ota Moaens onuchiBaeT Ju-
HAMUKY TUIa3MHJICOIEPKAIUX M OECIIa3MUIHBIX KJIETOK B X€MOCTaTe M, OCHOBBIBASICh Ha 3aK0-
HE JCUCTBYIOIINX MAcC, BKIFOUACT B Ce0sl CICAYIOMINE MPOIECChI: POCT MUIa3MuaHoi X~ u Oec-
IIa3MHAAHOW X~ TMOMYJSANMHA ¢ yIeTbHBIMH CKOPOCTSMH pocta U° W i, obpa3zoBaHme Oec-

TIA3MUIHBIX KJIETOK IMPU ACJICHUHA TUIa3MUJICOACPKAIUX KIICTOK C BEPOATHOCTHIO T, KOHbIOT'a-

TUBHBII MEepeHOC TUIa3MU OT IJIa3MUIHECYIIUX KIETOK K OeCIIa3MHUIIHBIM C YIEJIbHON CKOpO-
CTBIO Y WM U3MEHEHHE KOHIEHTpAIMH CyOCTpaTa, OrpaHUYMBAIOLINA POCT 00eHX MOMyIIALuH, S.
B npuiioxkeHnn K yclIOBHSIM pocTa B HENMPEPBIBHOM KyinbType Mojaenb JIC mpeacraBisier crie-

JYIOIYIO cucTeMy TuddepeHIuaTbHbIX YpaBHEHHIHA:

df{‘; =(u*-D) X' —T X"+ XX,
%:@-—D)-x-ﬂouw*—y){*x-, (1.2.1)
@ - p(s,-s)- LT AL

| dt y y

rae D - yaenbHas CKOPOCTh pa30aBlieHUs Cpefibl B XeMocTaTe, S, - KOHIEHTpaLus cyocTpara Bo

BXOIHOM cpeme, (YHKIUMHM yACIbHBIX CKOpOCTEM pocta M°  3ajaHbl B BHJE:
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ut(S)= ,u;axS/(S + K;) uu (S)= ,u;mS/(S + KS‘). B nociexyroniemM aHanu3e Mbl 4acTo Oy-
JIeM HUCTIONIb30BaTh MapaMeTp, Ha3BaHHBIM celleKTUBHBIMU K03 duimentom (Stewart and Levin,
1977), “croumoctsio masmuasl” (Levin and Stewart, 1977) win CeleKTUBHBIM NMPEUMYIIIECTBOM
6ecrutazmuaHbIX Ki1eTok (Ileuypkun u ap., 1990; bpunbkoB u np., 1990), koTopslii BeIpaXkaeTcs

Y€pe3 OTHOMICHUC YACITBbHBIX CKOpOCTeI‘/'I pocTa nmiasMuJHbIX U 6CCHH33MI/IHHBIX KJICTOK:
+
s
a(S):l—“—() (1.2.2)

U B 001IIeM ciTy4yae 3aBHCHUT OT KOHIICHTPAllUK CyOcTpaTa B Cpejie.

Od4eBUIHO, YTO TMOJIOKUTEIBHBIC 3HAYCHUS (O 03HAYAIOT, YTO TUIa3MHIBI OOYCIaBIUBAIOT
JOTIOJTHUTEITFHYI0 METa0OJIMUYECKYI0 HArpy3Ky Ha KIIETKY-XO35IMHA, TaK 4YTO CKOPOCTBh pOCTa
IIasMHUIHOI'O ImTaMMa MCHBIIIC, YEM 6CCHJIa3MI/II[HOI‘O BapHaHTa. B cenexTHUBHBIX XKe J11 10~
NepKaHUsl TUIA3MUJ YCIIOBHSIX, CEJICKTHBHBIM KO3(QQHUIIMEHT MOXXET IOCTHTaTh OCCKOHEYHO

OonbIINX (HEraTUBHBIX ) 3HAYCHUH MTPU OTCYTCTBUH POCTa OeCIIa3MUIHBIX KIeTOK (U~ — 0).

Martematnueckas monaensb (1.2.1) ucnonb3oBanach psSAOM HCCIIEIOBATENCH ISl M3ydCHUS
KaK MPUYMH HECTAOWIBHOTO MOAACPKaHUS PEKOMOMHAHTHBIX MTAMMOB MUKPOOPTaHU3MOB MPHU
ynpasisieMoM KynbTuBupoBanuu (Ileuypkun u ap., 1990) u crabunbHOrO HacienoBaHUS TPH-
POIHBIX TUTA3MUJ B peanbHbIX dkocuctemax (Levin and Stewart, 1977; Stewart and Levin, 1977),
TaK ¥ CTPOrOro MaTeMaTHYeCKOro aHajin3a JUHAMUKA MHUKPOOPTaHU3MOB B Pa3JIMYHBIX YCIOBH-
X KyJIbTUBUPOBAHUSI B XeMOCTaTe (B CEJICKTUBHOM U HECEJIEKTUBHOU Cpesie, MPU KOHKYPEHIIMHU
3a HECKOJIbKO cyOcTpatoB u T.11.) (Ai, 2001; Hsu et al., 1995; Lu and Hadeler, 1998; Smith and
Waltman, 1995). Hanmpumep, ogHUM 13 HHTEPECHBIX BBIBOJOB B padote Stewart & Levin (1977)
ObUIO HAXOXICHUE YCIOBHS, IIPU KOTOPOM OKAa3bIBAETCSI BO3MOKHBIM CTa0WIbHOE MOAIepIKaHNe

KOHBKOT'aTUBHBIX IIJIa3MHU B HpHpOIIHOﬁ MOIYJIAINN:

V-N>a+1,, (1.2.3)

rae N - YMCIeHHOCTh OeCIUIa3MUIHON MOMYIISIUN U Y = j// 1 (Bergstrom et al., 2000). Dto yr-
BEPKACHUE, B YACTHOCTH, ITOKA3bIBAET, YTO HEKOHBIOIATUBHBIE M1a3MHIbl (Y = () B KOHILIE KOH-

OB 3JIMMHUHHUPYIOTCA M3 XCMOCTaTa B HCCCIICKTUBHBIX MJIA MOAACPIKAHUA IIIA3MHUI YCIIOBUAX

(uto BepHO npu ¢« > 0). bonee monHbIi MaTemaTHueckuii ananu3 moaenu (1.2.1) ObuT npoBeneH
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B cepur paboT AnoHnHa ¢ coaBT. (AnonuH, 1982; AnionuH u ap., 1984, Anonuna u ap., 1984),
I/ Takke ObUTH pacCMOTPEHBI MOJETH HEMPEPHIBHBIX KYIbTYp MHKPOOPTAaHU3MOB, COICpXkKa-
X HecTaOUIIbHBIE THOPUIHBIC 1a3MUABI (ATIOHUH U AToHWHA, 1996).

HecMoTpst Ha mupoTy npaktudeckoro npumenenusi (Proctor, 1994), mogens JIC, kak u
MHOTHUE JPYTUe HemMexaHucmuyecKue MOACIN MOMYISIIUOHHON AMHAMUKY TU1a3Mua (cM. 0030p B
[Teuypkun u ap., 1990), obnagaer psioM cepbe3HEHIINX HEJOCTAaTKOB, CPeAN KOTOPHIX Haubo-
Jiee BaXKHBIMHU SIBISIOTCS (DEHOMEHOJOTUYHOCTh OMMCAHMSI Mpoliecca MOTEpU MIIa3MUJL NIPHU Jie-
JICHUH, HEYYUThIBaHUE d(PPEKTUBHOCTH KOHTPOJIS KOMUWHOCTH IJIa3MHUJ U €r0 CBS3U C YCIIO-
BUSMU KYyJIbTUBUPOBAHUSA, M, KaK CJEACTBHE, OTCYTCTBHE TAaKOTO MOHITHS KaK MHOTOKO-
MUHAHOCTh OaKTePUANBHBIX IUIA3MHUJ, YTO O3HAYAET HAIUYUE HEeCKOAbKUX KOTHH TUTa3MHIBI B
KJIETKaX MHUKPOOPTaHU3MOB.

OTH TPOLECCHl YUTEHBI B MATEMaTHYECKUX MOJCISAX, pa3padOTaHHBIX B CIEAYIOIICH TIaBe
(rmaBa 2). /s mocTpoeHHUsT TaKOro poja Moelield HeoOX0AMMO 3HaHHE OCHOBHBIX KOMIIOHEH-
TOB, BOBJICUCHHBIX B PETYJISAINI0 KOHTPOJS PEIUIUKAIUMU TJIa3MUJ U UX CETperanuu MpH Jese-
HuU. B ciemyromelt yactu paccMOTpeH NpuMep KOHTpoust kormitHocT Tutazmubl ColEl, ko-
TOPBIA JIGKUT B OCHOBE TAKUX PACIPOCTPAHCHHBIX BEKTOPOB i KJIOHUPOBAHHS T'€HOB Kak

pBR322 n pUCIS.
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1.3. MexaHu3Mbl KOHTPOJIS KOMMHHOCTH T1a3Mu Ha mpumMepe miazMuibl ColEl

[TpupoaHbie mIa3Muabl B TEUCHHUE JUTUTEIBHOTO SBOJIOIMOHHOTO Tpoliecca “pazpadoranu’”
[ENBII Ha0Op CPelCTB, 00ECTIEYNBAIONINX UX CTAOUIBLHOE HACIIEIOBAHHUE B MOMYJISIUSIX MUKPO-
OpraHW3MOB, KaK HalpuMep CIOCOOHOCTh K KOHbIOraTuBHOMY mepeHocy (Levin et al., 1979).
Opnnako Hamboliee yTUBUTEIHHBIM CBOMCTBOM IIJIa3MHUJ] MUKPOOPTaHU3MOB SIBIISETCS CIOCOO-
HOCTb MOJAJIEPKaHUsl IPUMEPHO IMOCTOSHHOTO YKcia KON Ma3Mub! (MpU 3aJaHHBIX YCIOBUIX
KyJIbTUBHPOBAHUS) B KIETKAaX-X03s5€Bax TMPU TOCIEAOBATEIBHON MNponudepanuu TIa3MHJICO-
Jep>KaluX LITaAaMMOB MUKPOOPTaHHU3MOB. JTa CIIOCOOHOCTh BOBJIEKAET PsAJl T€HOB, KOAUPYEMBIX
TUIa3MUAJION U 00€CTICUNBAIOLINX KOHMPOJIb PENIUKAYUU NAAZMUO.

Haubonee noapo6HO MOEKyIsIpHbIE OCHOBBI KOHTPOJISI KONUITHOCTH OaKTepHalIbHbIX IUIa3-
MU/ U3y4EeHbI Ha IpUMepe IBYX MoJieKya: ManokonuiitHoit R1 (Nordstrom et al., 1984) u Bbico-
kokonmitHOW ColE1 (Brenner and Tomizawa, 1991). Tak kak Ham1 OCHOBHOW aHaju3 OyneT co-
CPEIIOTOYCH HAa W3YYCHUU TOMYISAIUOHHOW AMHAMUKH MHOCOKONUUHLIX TIIa3MUJ (TaKUX Kak
pBR322 1 momo6HBIX), MBI PACCMOTPUM KakK TUTa3MHUJIBI PETYIUPYIOT CBOIO KOMMUMHOCTH Ha MPH-
mepe tiazmuasl ColEl (Ha3BaHHOW Tak M3-3a MPOM3BOACTBAa KonuiuHa El, mHruGupyromero
pocT OecIIa3MHIHBIX KIETOK, (Summers, 1996, bpoxna, 1982)).

[Tnasmuna ColEl sBrnsiercs HEOONBIIOW MIa3MHUA0HM, IIHUPOKO PacIpOCTPAaHEHHON B IMpPH-
poaHbIX nomyssiuusax. E€ monexkynsipHblil Bec coctasisieT 4.2 - 10° KWJIOJAIBTOH, U JIUHA - 6646
nap HykiaeoTuHbIX ocHoBaHui. ColE1 He o0namaer cnocoOOHOCTBIO K KOHBIOTAIIMOHHOMY TIepe-
HOCY, XOTSl M COIEP>KUT I'eHbl, 00eCIeyrBaroIue e¢ MOOUIN3AIHMIO B KIETKU-PELUITUEHTHI CO
MHOTHMH KOHBIOTaTUBHBIMHU TUTa3MujaMu, Hanpumep ¢ (akrtopom F (bpona, 1982). O6wrunas
OakTepuanbHas KieTka conepkuT 10-50 xonuii miaasMuIbL, U COTJIACHO, YCIIOBHOM Kiaccuuka-
uu (Summers, 1996), ColE1 oTHOCHTCS K KJ1acCy BRICOKOKOITMHBIX TITA3MHUI.

MHOTOKONHMITHBIE TNIa3MHJIBI OOBIYHO HE 00J1a/1al0T CUCTEMAaMH aKTUBHOTO PacIpeeICHUS
MJIa3MHJT MEXAY JMOYepHUMH KJIeTKaMu Tpu JeneHur marepuHckoi (Nordstrom and Austin,
1989; Williams and Thomas, 1992), a, cienoBarenbHO, KOMMU TIA3MUABI CETPETUPYIOT HE3aBH-
CHUMO, U, TaKHUM 00pa3oM, ciydaiino. CiydaiiHoe pacupeneieHue mia3Mua Py ASJICHUH BEACT K
3HAUMTENHHON BapHallMK YUClIa KOMUH TIa3MHJIbI B KJIIETKAaX MUKPOOPTaHW3MOB B Hadyale KJe-
TOYHOTO ITMKJIa. B 3TOM citydae ocHOBHOM 3a1aueii 3peKTHBHOTO KOHTPOJISI KOMMMMHOCTH TIIa3-
MUJ SBISICTCS] BEIPABHUBAHHUE CPEIHETO YHCIa KOMUW Ha KIETKY B MOMYJSIUU (WU JPYTUMU
CJIOBaMH, YMEHbBIIIEHHE BapHallMi M3HA4YaJbHO BBICOKOJIMCIEPCHOTO pPACIpeNeeHHs] KIETOK C

Pa3NIUYHON KOMMMHHOCTHIO) K Havamy MutoTHueckoro aenenus (Paulsson and Ehrenberg, 1998).
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Perumukarus torazmun tuna ColE1 m3ywamack moctatouHo moapoOHO (Kak TEOPETHUYECKH,
TaK ¥ JKCIEPUMEHTAIBHO) KaK MOJIeNIbHAs CHUCTeMa JJIsi MCCIEAOBAaHUS CTAOMIBLHOTO TMOMAJEp-
KaHUS TUTa3MUAHBIX PEIUIMKOHOB B PACTYLIMX KyJIbTypax MUKpoopraHu3moB. KoHTponb Ko-
nuitHoctu Tuiasmuabl ColEl 3aBucuT OT MHTHOUWpOBaHWS Cis-IEHCTBYIOMICH MpenpaiMepHO
PHK (nazBannoit RNAII) tran-neiictByromieit antucencnord PHK (nasBannoit RNAI) (Masukata

and Tomizawa, 1986; Tomizawa, 1984; Tomizawa and Itoh, 1981).

|
|
-555 0
ANA §
108 ne

Puc. 1.3.1. CxemaTuueckoe pacrnojoXeHUe T€HETUYECKUX JIEMEHTOB, KOIMPYIOIIHUX Ipe-
npaitmepayto PHK (RNAII) n uaru6uropayro PHK (RNAI).

Tpanckpunuus Mosiekynsl RNAII ununuupyercs 555 n.o. Bele (upstream) yyacTka Hadana
peruikanuu ori (cM. puc. 1.3.1), rorna kak RNAI (o6srano mymHOM oT 108 10 110 1m.0.) cunThIBa-
ercs ¢ uenu JIHK, xommmMmeHntapHoi yuacTky, kogupyroomeMy RNAII, naunHas c caiita, pac-
MOJIOXKEHHOTO BhIle Ha 455 1.0. OoT Havana perummkanuu (Morita and Oka, 1979; Tomizawa and
Itoh, 1981; Tomizawa et al., 1981). OGpa3oBanue npe-npaiimMepa 4yBCTBUTEIBHO K aTake MoJie-
kynori RNAI, korma TpaHCKpHUMIUS MPOWCXOIUT B TaK HA3bIBAEMOM ‘“OKHE WHTHOUpPOBAHUS
(inhibition window), koTopoe npoctupaercs npumepHo ot 100 HykimeoruaHoit napsl g0 360 ma-
pBl TIocnenoBaTenbHOCTH, Komupytomeid moiekyny RNAII (Tomizawa, 1986). Eciu RNAI u
RNAII 06pa3yioT n3Ha4aabHO HECTAOMIBHBIA KOMIUTUMEHTApHbIA (“Kissing’’) KoMILUIEeKC, KOTO-
PBI BIIOCIIENCTBHH TIpeoOpa3yeTcsi B CTaOMIIBbHBIN TyIuieKC BO BpeMs TpaHckpumnimu RNAII
(Tomizawa, 1990a), koHpopmanronHbsie n3mMeHeHus: Mmonekyiasl RNAII npuBenyt k ¢popmupoa-
HUIO HEMOJIHOIIEHHOTO Mpe-MipaiiMepa, U, CIe0BaTeIbHO, K HAPYIICHUIO PETUTUKALNHY MI1a3MUIbI
(cm. puc. 1.3.2).

HeGonpmio#t, komupyemslid TeHaMu 1uiazMuasl monunentus, Rom (RNA One Modulator),
crabmnsupyet B3aumojeiictue mexay RNAI u RNAIIL, yBennuuBas BeposTHOCTh 00pa3zoBa-
Husi crabunpHoro komiuiekca RNAI-RNAII nmocne n3HauanbHO HECTaOUIBLHOTO CBSI3BIBAHUS
(Tomizawa, 1990b; Tomizawa and Som, 1984). Ecnu xe xomruiekc mexay RNAI u RNAII ve
o0Opa3yercss K OKOHYaHHMIO OKHAa MHTMOMpPOBaHUS (BpeMEHHasl UIMTEIbHOCTh 3TOrO IMpoliecca

Bcero ~5 cexkyHn), RNAII popmupyer crabumnbnbiii tubpup ¢ yuactkom miazmuanoit JIHK, pac-
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IMOJIOKCHHBIM PSAIOM C ori.

Primer formation
becomes insensitive to

Initial RNA I:RNA II inhibition (but RNA
TR . I can still bind)
kissing’ complex formation Readthrough
and release
ky-Q oM No replication

DNA polymerase I initiates
0.0 replication at a nick in the
i ki QoM i RNA:DNA hybrid at the ori
Readthrough and release Plasmid replication

No replication

Puc. 1.3.2. Cxemaruueckoe npezcTaBieHue npouecca perumkanuu miasmuasl ColEl. Ipe-
npaiimepHas RNAII (0-555 m.o0.) u uaruouroprast RNAI (2-110 m.o., puc. 1.3.1) npousBoasrcs ¢
IOCTOSHHBIMU CKOPOCTSIMU (cooTBeTcTBEHHO k;, u k;). RNAI u RNAII cnocoOHsl 06-

Pa30BbIBaTh KOMIUIMMEHTAPHBINA KOMILJIEKC, KOTOPBIH MpU €ro oOpa3oBaHWU B OKHE WHTHOUPO-
BaHus (110-360 11.0.) IpUBOAUT K MHTHOMPOBAHUIO 00pa3oBaHus MpaiiMepa. M 0003HaYaeT YKC-
JI0 TJIa3MHJ B KIETKe, a (), - BEPOSITHOCTH (POPMHUPOBAHHUS MOJHOIICHHOTO Tpaiimepa s JJHK

MOJINMEPA3BL, P - BEPOSITHOCTh PEIUIMKALMU IIa3MUAbL, [IPU YCIOBUH, 4TO npaitmep g JJHK
MOJIMMEPa3bl yeenrHo oopaszoBaiics (3aumcTBoBaHO U3 (Paulsson & Ehrenberg, 1998)).

Hecymectsennsie yactu RNAI B stom JIHK-PHK kommnekce “noguniatorcs” PHKazoii H,
YTO MPHUBOAMUT K 0Opa3oBaHMIO TMoiHOIEHHOTo Tpaiimepa ais JIHK momumepassr 1 (Tomizawa

and Itoh, 1981). Hecmotpst Ha TO, uTo RNAI ciocoOHa 06pa3oBbIBaTh HECTAOUIBHBINA KOMILIEKC
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¢ RNAII 3a okHOM HHTHOWpPOBaHUS, ATOT MPOIIECC YXKE HE BIUAET HA 00pa30BaHUE IMOTHOIICHHO-
ro npaiimepa (Tomizawa, 1986).

Takum o6pazom, sxcipeccust MoJiekyinbl RNAII ¢ mocTossHHON CKOPOCTHhIO TPUBOAMT K Pe-
IUTMKAUH [UIa3MUJI, KOTOPasi B C CBOIO OYEpEab HEraTUBHO PEryiIupyercs aHTUCEHCHONM RNAL
Ho kxak u3MeHeHHe B KOHLEHTPALIMU UHTUOUTOPHOW MOJIEKYJbl BIUSET HAa BEPOSTHOCTH 00Opa-

30BaHUs MOJHOIEHHOTO paiimepa, 3aiaBaemyto (O, ? OTBET Ha ATOT BONPOC OBLI MOJIyYeH B pa-

6ortax (Ehrenberg, 1996; Paulsson and Ehrenberg, 1998; Paulsson et al., 1998).

@OopMHUPOBAHUHU PEIIMKAIIMOHHOTO TpaiiMepa HHTUOUPYEeTCs AHTUCEHCHOM MOJIEKYIOoH
TOIPKO B OKHE WHTHOWPOBAHHUSA, COCTOSIIETO MNpuOnm3uTenbHo u3 250 map OCHOBaHWMA
(puc.1.3.2). Tak kak Ha KaxaoM mare (ocHoBaHuM) npu TpaHckpuniuu RNAII naruéuropnas
MOJIEKYJ1a MOKET 00pa30oBaTh CTAOMIIBHBIN KOMIUIEKC € IIpe-IpaiiMepoM, TO BEPOATHOCTh TPaHC-
KPUIIMK TOJTHOICHHOHN MpaiiMepHOil MoJekynbl 6e3 mpucoeannenuss RNAI Boruncisercs co-

TJIaCHO BBIPAXKCHHIO:

360 p
o=l (1.3.1)
0P 4R

rae p, - BepositHocTh TpaHckpuniuu RNAIL oT ocHOBaHMS i 10 ocHOBaHus i+1 6e3 cBA3bIBaHUS
¢ koMmuuMeHTapHoii RNAIL ¢, R - BeposTHOCTh 00pa3oBaHus crabuiabHOro kommiekca RNAI-

RNAII na mare i — i+1 c xonuentpanueit RNAI pasroit R (Paulsson et al., 1998). IIpeanona-
ras, 4ro u3 250 OCHOBaHMIA, TOJIBKO M SBISIFOTCS TUMUTHPYIOIIUMH, Mbl HAXOJIUM BEPOSTHOCTD

00pa30BaHus IMOJHOIICHHOTO MTpaiMepa:

1

1+R/(k-m) ]’ (132)

0=

360

rae k:izﬁ.

mznoq;
JIBa mpenenbHBIX citydast BeipaxxeHus (1.3.2) 3acmyxuBaroT 0oco6oro BHUMaHus. Bo-miepBhIx,

npu m =1 MBI HAXOIUM BEPOSITHOCTh 00pa30BaHuUs MOJTHOIICHHOTO MpaiiMepa:

1

= Rk

(1.3.3)
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KOTOPO€ COOTBETCTBYET THMepOomueckoMy MmexaHusmy wuHruOupoBanus (Ehrenberg, 1996;
Paulsson et al., 1998), takxe BepHoro mist mnasmuasl R1 (Blomberg et al., 1992; Blomberg et
al., 1990; Keasling and Palsson, 1989; Leipold et al., 1994; Nordstrom et al., 1984; Nordstrom
and Wagner, 1994; Paulsson and Ehrenberg, 2000; Rosenfeld and Grover, 1993a). Ecnu xe umc-
JI0 IUMHUTHPYIOITUX 1I1aroB BeJauko (Harmpumep Bce 250 map ocHOBaHUM), B TIpEACIEe M — oo, MbI

noydaem (Ehrenberg, 1996; Paulsson et al., 1998):

R
0=expf - | (1.3.4)

DTOT MeXaHW3M HHTHOMpOBaHUWs, Ha3BaHHBIM HKcrmoHeHIHaIbHBIM (Ehrenberg, 1996;
Paulsson et al., 1998), o0ycnaBiuBaeT 3HaYUTEIHHOE U3MEHEHHE B BEPOSTHOCTH OOpa30BaHHS
PEIUIMKAlIMOHHOTO TpaiimMepa (J, mpH JOCTaTOYHO YMEPEHHOM yMEHBUICHHH/YBEIHMUEHUU KOH-
neHTpanun Molnekylibl RNAIL DKcroHEHIMATbHBIM MEXaHU3M WHTHOWPOBAHUS SIBIISETCS Hau-
0oJiee BEpOSTHBIM KaHAMAATOM Ha KOHTpOJb KomuitHOCTH TiazMuzbl ColEl, XoTs u TBepabIxX
JI0Ka3aTeNnbCcTB AToMY moka HeT (Brenner and Tomizawa, 1991; Paulsson et al., 1998).

Takum o6pazom, Ha mpumepe miasmuabsl ColEl Mbl mpogeMoHCTpUpOBanu, Kak OakTepH-
AIbHBIE TJIA3MUJIBI PETYIHPYIOT CBOIO YUCICHHOCTh B KJIETKAaX MUKPOOPTraHu3MoB. Crenyromue
r1aBel (T71aBa 2 U 3) MOCBAIIEHBI MCCIIEIOBAHUIO BOMpoca Kak 3(PPEKTUBHOCTh KOHTPOJIS KO-
NUAHOCTH TUIa3MHJI ¥ HAIMYUE HECKONBKUX KOMUH IMIa3MUBI B KIETKAX ITAMMOB MHUKPOOP-
TaHU3MOB BIIUSIOT Ha CTAOWMJIBHOCTH MOJACPKAHUS TUIa3MUACOAEpKAILUX OaKTepHil Ipu ympas-

JIIEMOM KYJIbTUBHUPOBAHUMU.
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I'TABA 2
MATEMATHYECKHE MOJIEJIU HOITYJIALIMOHHOM JIMHAMUKU TTIJIAZMUJT

2.1. Tounas MareMaTuyeckasi MOJIeJIb NOMYISIUOHHON TMHAMUKH I1JIa3MHU]

Kak Obu10 yrmoMsiHyTO B MpeAbIAyIIeH TiaBe, CTAOMILHOE HACICTOBAaHHE TUTa3MHUJ OT Ma-
TEPUHCKOW KJIETKHM K JOYEPHEW B MOIYJSILIUM MUKPOOPTaHU3MOB JIOJKHO BOBJIEKAaTh HEraTHB-
HBIW (WM 171 psifa tiasmug, kak Hanpumep Pl, F, A-dv, nosutuBubiil (Summers, 1996)) koH-
TPOJIb PEIIMKALIMHU IIJIa3MHUJT C TOCIEAYIOIIMM PACHPEIEICHUEM PEIUTMIUPOBAHHBIX IUIa3MUL
MEXIY IBYMSI JTOUEPHUMHU KJIETKaMU MpPH ACICHUM MaTEpUHCKOM kieTku. CrenoBarenbHo, Ka-
KAas TUIa3MUIa 33 BpeMs TeHEepalnd KIETKH-XO03dMHa IMPOXOAUT Yepe3 CIAEAYIOLIYI0 LEMb IO-
CJICZIOBATENIbHBIX COOBITHI: “peruiMkanus (B T€UEHHE KJIETOYHOTO IMKIIa)—> cerperanus (Ipu
JIEJICHUH MaTEPUHCKOM KIIETKH)— peIUIMKAIUs— Cerperanus— perkanus—...”. Onupasich
Ha TaKyl0 CXEMaTHYECKYI0 KapTHHY MPOLECCOB PEIUIMKALWUA U paCHpeAesieHUs TUIa3Mu, AJis
OMMCAHUS TpoIecca HACIEIOBaHMsS IJIa3MUJ B MOMYJIALUU OaKTepUid MOXKET OBITh MOCTPOCHA
COOTBETCTBYIOIAsl MaTeMaTH4eCKasi MOJECIIb.

ITycte p, (g) €CTh BEPOSTHOCTh OOHAPYXKEHHS KIETKH C [ KOMUSAMU IIa3MUIbl B TOMYJISIIUN
MUKPOOPTaHU3MOB TOCJI€ g TeHepanuil (paBHas, 04eBUIHO, YUCTY KIETOK ¢ KOMUIUHOCTBIO I, Je-
JICHHOE Ha TOJHOE YKMCIO MHKPOOPraHW3MOB B momyssiunn X, /X)), ﬂ,(l' — j) - BEPOSITHOCTh
npoiiecca JOPEITMKAIMKU MIa3MUIbl OT KOMUIHOCTH i O KOMMMIHOCTH j B TE€YEHUE KIETOUYHOTO
LUKIIA, 5(1', J ) - BEPOATHOCTH TOTO, YTO MPH JAECICHUNA MATEPUHCKOMN KJIETKH C i+ KONMUSIMU II1a3-

MU/BI | KONUH MONAAET B OAHY JOUYEPHIOO KIETKY U j B Apyryro (puc 2.1.1).
Toraa nonHas BEpOATHOCTh OOHAPYKEHUS KJIETKH C A KOMUAMHU TUIa3MHJIbI B CIEAYIOIIEM
nokojennn (g+1”" reHepanys) BEIYUCIAETCS B COOTBETCTBUM CO CXEMOM, NMPHUBEIECHHON Ha PHUC.

2.1.1: BEpOATHOCTb TOTO, YTO NMPHU HAJTMYUH I MIa3MHUI ( p,) OHU JOPEIUTULUPYIOTCS 10 j Iia3-
MM ﬂ,(i - j) Y TIpU pacIpe/ie]ICHUH j TUIa3MU MPU IEJICHUH k KOTHUI MONaJeT B OJHY U3 J0-
YEPHUX KIETOK ﬁ(k, Jj- k). DTOT MPOIECC MOKHO OINMHKCATh CIASAYIONEH 0ECKOHEUHON CHCTEMOM

Pa3HOCTHBIX YPABHEHUN:

p.(g+1) =ii/1k—>j)§(j—i,i)pk(g), i20 (2.1.1)

Jj=i k=1

O4eBHIHO, YTO ATa CUCTEMa HE OMMCHIBAET pPEalIbHBbII POCT MUKPOOPTaHW3MOB, TNI€ CKO-
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POCTh pOCTa OrpaHUYUBAETCS AOCTYMHOCTh PECYPCOB, T.K. ITOJIHOE YHMCIIO KJIETOK B HOMYJISALMH
pacter 3kcnoHeHuuanbHO (Ileuypkun, 1978): X (g)zX (O)2g_l. OKCHOHEHIMAIBbHO pacTylias
HOMYJISANMS TUIA3MUACOAEPKAIIUX MHUKPOOPIaHU3MOB, MOJUUHSIOMIAACA BbIpaxeHuto (2.1.1),
MOXeT HabmoAaTbess B JorapupMuueckoil (pase pocta B MepHOIUYECKON KylIbType (CM. pHC.

1.1.1) unu npu KyJIbTUBUPOBAHKUH B TypOuoctate (pH-cTate u 1.11.).

peIUIMKaIys pacrpe/ienenie
1 1 1
i-1

AMi— j-1) E(k—1,7—k+1)
i > j-1/7 k-1
i+1 Jj k
j+1\> k+1
A= j+1) E(k+1,7—k—1)

Puc. 2.1.1. Ilpouecc permkanuu-cerperaiuy mia3Mu Mpu pocTe-IeIeHuN 0akTepuanbHOM
KJIETKH. DTOT mpoliecc (KaK OMKMCAHO B OCHOBHOM TEKCTE) MPOUCXOAUT B JIBA OCHOBHBIX 3Taria:
penauxayus TIA3MUJ ¢ HAYaIbHOIO 4UCia [ (KOTOPOE 3alaeTCs PacIpelesIeHUEM p,) 1O HEKO-
TOPOr0 MPOMEKYTOYHOTO 3HAYEHHS j, KOTOPOE B CBOIO OYEpEIb OINPEACNSICTCS MEXaHU3MOM
KOHTPOJISI KOMMUMHOCTU U B KAKOW-TO MEpPE CTOXACTUKOM Ipoliecca PeruIuKaluu; U pacipeene-
HUE j TUTa3MU/J] NIPU JIEJICHUU KJIETKU COIJIACHO OJHOMY U3 JBYX OCHOBHBIX MEXaHU3MOB (CIIy-
yalfHO€ WJIK TOYHOE).

CrnenoBaTenpbHO, MareMaruueckas Mojenb (2.1.1) omuchiBaeT SKCIOHEHIHMAIBHBIA POCT
MJIa3MUJICOACPKALTUX MUKPOOPTaHU3MOB B MEPUOJAMUYECKON KYJIbTYpe, TOT/Ia Kak B ClIydae Xe-

MOCTATHOTO KyJbTUBUPOBaHUS Moielb (2.1.1) MOkeT ObITh TIEpenucaHa B BU/IE:

oo

X,(g+1)= Y 3 Ak — NEG i), (S(2) X, (g)- DX, (g)
e (2.1.2)

S(g+1)=D(S, - S(&)- 3. 3 3 Alk - )EG - 1) (5(e) T2 E)

i=0 j=i k=1 yk
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rae S, Sy - KOHIEHTpaIys JIUMUTHPYIOIIETO POCT OakTepHii cyocTpara B (hepMeHTEpe U BO BXOI-
HOU cpene, D -CKOpOCTh MPOTOKA CPeAbl C XeMocTaTe, y; - KodpdunueHT 3¢ HEKTUBHOCTH HC-
NOJb30BaHMsA CcyOcTpara OakTtepuid ¢ i IUIa3MHIAMH, BpeMs g JaHO B TEHEpalusx,

t,, = ln(2)/ D , unu B HENMPEPHIBHOM BPEMEHHU:

gen

(2.1.3)

rae A, =In2/u, - Bpemsi reHepanuu KIETKH ¢ k KOMHSMH Ta3MHUIbL.

IIpu Bceit cBoeil BUAMMON MPOCTOTE, MaTeMaTuyeckas moxaens (2.1.2)-(2.1.3), kpome Tpe-

OyIOIIMX OMpeJeNieHns MePEeMEHHBIX {X l.,S}, COJICP)KUT TaKXKe TPU OCHOBHBIE (PyHKIUU
(A,&, 1), KOTOpBIE OCTAINMCh HEONPEACICHHBIMH, YTO JEJAeT AHAIUTHYECKMH aHaiu3 OOIIei

MOJEIHN (2.1.3JII MPAKTUYECKH HEBO3MOXXHBIM. OJIHAKO HAKOIUIEHHBIE K HACTOSIIEMY BPEMEHU
3HaHMSI O KOHTPOJIE PEIIMKAIMU U pacTpeelieHUH HEKOTOPHIX HEKOHBIOTATUBHBIX OaKTepH-
QIBHBIX TUIa3MU (CM. TakXkKe TJaBy 1) MO3BOJSIOT MPEIUIOKHUTh HECKOIBKO Pa3IUYHBIX (OpM
s yskmid A, 1.

1. Pacnpeoenenue naasmuo mesxicoy 00YepHUMU KIemKAMU f(i, Jj ) K nacrosimemy BpeMeHn

OBUTO MPEAJIOKEHO M0 KpalHeH Mepe TpU MeXaHW3Ma pacHpeesieHUs TUIa3MHI 10 JOYePHUM
KJIETKaM Tpu jaenieHnn matepuHckon kineTku (Nordstrom, 1984; Nordstrom and Austin, 1989;
Nordstrom et al., 1980a; Nordstrom et al., 1980b; Nordstrom et al., 1984; Rosenfeld and Grover,
1993b; Williams and Thomas, 1992): cnydaiiHoe (koraa Kaxpas JOUYEpHss KJIETKAa UMEET paB-
HYIO BEPOSTHOCTh MONYYUTh KOTHUIO TUTA3MUIBI TIPH JIEJICHUH, YTO OMUCHIBACTCS OMHOMHUATHHBIM
pacnpezieieHueM JUisl AefieHus] OaKTepHuil Wik MyJIbTHHOMUAIBHBIM JIJISl JPOXOKEH ), paBHOE pac-
npeneneHne (Koraa Kaxkaas JOUYEpHssl KJIeTKa MOMydaeT OJMHAKOBOE KOJMYECTBO IIA3MUI) U
CMEIlIaHHOE pacripeseseHne (Korja Kakiass JOYEpHSsS KJIETKa IMOJydaeT KaKk MUHHUMYM OJIHY
IUIa3MUAY, a OCTaJlbHbIE KOIUU IIa3MUbl paclpenelsatores ciydaiiHo). CiyuaitHoe (Wi nac-
CHUBHOE) pacrpeziefieHue IUIa3MHu CKOpee BCEro mpeodyafaeT B IJIa3MUIAX C BBICOKOM KOMHii-

HOCTBIO (TOYHEE, JUIS MJIA3MUJ] C YUCIIOM KOMUid >15 Ha KJIETKy He HaiJIeHO MeXaHu3Ma, o0ec-

' Bee manbHeiimme paccyKaeHns OTHOCSTCS TAKKe H K JUCKPETHOMY Bapuanty (2.1.2).
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MIEYNBAIONIETO aKTUBHOE PACIpe/esieHHe MIa3MHI TI0 JOYSPHUM KIIETKaM), TOT/Ia Kak MajoKo-
NUIHBIE Ia3MUAbI 00JIaZal0T HECKOJIBKMMHU KJIACCaMU JIOKYCOB (par, sop W Ipyrue), OTBETCT-
BCHHBIMU 3a aKTHBHYIO cerperamnuio miasmug npu aeneHun (Nordstrom and Austin, 1989;
Williams and Thomas, 1992). OTmeTum Taxxe, 4To par-ioKyc, NepBOHAYAIbHO OOHAPYKEHHBIH
B coctaBe razMubel pSC101 (Meacock and Cohen, 1980) He siBisieTCSt KOMIOHEHTOM aKTHUBHO-
ro pacrpenesieHus TIa3Mu] TIpu JACJICHUH, a CKOpee UIpaeT HEKOTOPYIO POJib B PACIIEIUICHUH
NPOPETUTHIIMPOBAHHBIX TUIA3MUTHBIX KOMILIEKCOB M, Ojaromaps 3TOMY, TaKKe BIUSET Ha CTa-
OMIBHOCTP TUTA3MHJ (CM. TakXKe TUaBy 3). B momomHeHHEe MOKHO OTMETUTH, YTO K JAHHOMY MO-
MEHTY TOYHOCTb SKCIIEPUMEHTAIHHBIX HCCICOBAHUI HE TIO3BOJISIET ONPEACIUTh Pa3HUILY B CTa-
OMIBHOCTH TUIA3MHJI, O0JAJAIOIMIUX TOYHBIM WJIM CMEIIAHHBIM MEXaHH3MaMH pacrpeciieHus
(Nordstrom, 1984), a, cnmegoBaTelbHO, 3TH MEXAHU3MBI SIBISIIOTCS HEPA3JIMUYMMBIMU C SKCIIEPH-
MEHTAJILHON TOUYKH 3peHHs. Takoe orpaHuYeHre Ha TUI paclpeaeTeHus MIa3Mu] CpeIn 1ouep-

HUX KJIETOK MPH JIeIeHHH MaTepHHCKOH KIETKH OHO3HaYHO onpeaenser dynkmmio (i, j), Ko-

TOpasi UMEET BUJL B CIIy4ae C1YYAUHO20 N MOYHO20 PACTIPEIECIICHUN!

£, j)=2""" i+ j)!, (2.1.4)
itj!
1, ecnui = j
£G,j)=8, +%(5U._1 +8,,)=40.5, ecmui=j+l 2.1.5)

0, B IPYTUX CIy4dasix

e 6, - cumBon Kponekepa.
2. Yoenvnas ckopocmv pocma 6axkmepuii ¢ i konuamu naazmuovl [;. Ilpu Bcelt oueBun-

HOCTH, YTO Takas 3aBUCHMOCTb JIOJKHA CYILIECTBOBATh, SKCIIEPUMEHTANIbHASL CBSA3b MEKIY CKO-
pPOCTBIO pocTa OaKkTepHaTLHOTO ITaMMa W KojumdecTBoM Tuiasmuanoit JIHK, kotopoe sToT
ITaMM COJCP)KUT, MPAKTHYECKH He u3ydyeHa (cm., Hampumep, (Chiang and Bremer, 1988;
Nguyen et al., 1989; Smith and Bidochka, 1998)). OnauMu 13 mepBbIX, KTO MPOaHATH3UPOBAT
BIMSHUE pa3Mepa IUIa3MHIbl W/WIM KOMUHWHOCTU IUIa3MHIbI HAa CKOPOCTh POCTa IIa3MHJICO-
nepskammx Mukpoopranu3mon O0butn Zund u Lebek (Zund and Lebek, 1980). Ouu o6Hapy»)uim,
YTO CHHM)KEHHE CKOPOCTH pPOCTa MCXOJHOTO LITaMMa OaKTepuil MPOUCXOAMT NpPU HAIUYUHU B
KJIETKH OaKTepuH IUIa3MHJIBI JIMOO C KOMUIHOCTHIO BbIlIE, yeM 20 KOMUW Ha KIETKY, 100 MpH

pasmepe miazmuasl 6osee 100 T.m.0. OgHAKO OJHO3HAYHOTO COOTBETCTBHS TaK HAWIEHO W HE
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os10 (Nguyen et al., 1989; Smith and Bidochka, 1998; Uhlin and Nordstrom, 1977; Zund and
Lebek, 1980). B rnase 4 na npumepe miazmuasl pGLO u pWWO Mb1 ocniapuBaeM, 4To JUIsl He-
KOTOPBIX PEKOMOMHAHTHBIX IJIA3MUJI YBEIMUYEHUE BPEMEHU T'€HEepalMy IITaMMOB MHKpPOOpra-
HU3MOB, COJICPKAIIUX ITH TUIA3MHJIBI, CBI3aHO HE MPOCTO C MPUCYTCTBUEM IUTa3MUJI B OaKTepH-
aIbHOM KJIETKE, a, CKOpee BCET0, C BHICOKMM YPOBHEM JKCIPECCHH KJIOHMPOBAHHBIX B TIa3MHJIE
reHoB. boyee Toro, Mbl SKCIIEPUMEHTAILHO MMOKA3aJId, YTO CHIKEHHUE CKOPOCTH POCTa MOMYIIs-
YU TUTa3MHUACOAEPIKAILLEr0 MITaMMa MPsIMO MPOMOPLHUOHANBHO 3(P(HEKTUBHOCTH 3KCIPECCUU
KJIOHMPOBAHHOT'O B IJIa3MHJIE TeHa gfp (TnaBa 4) ¥ UCToNb3ys omyOarKoBaHHbIe qaHHbIe (Duetz
and van Andel, 1991) anamornunyo 3aBUCUMOCTH I TeHOB MeTa-myTH (catechol 2,3-dioxy-
genase) masmusl pWWO. C apyroi cTOpoHBI, TpodiieMa emie YCIOXKHIETCS TeM, 9YTO 9acTo Ha-
MIpaBJIEHHOE KYJIbTUBHUPOBAHHE M OTOOP IMJIA3MUJCOJEPKALUIMX MHUKPOOPTraHU3MOB BENET K IO-
BBIIICHUIO WX TPUCIIOCOOJICHHOCTH, MHOT/A Jaxe OoJiee MPUCTOCOOICHHBIX, YeM HCXOIHBIN
Oecrurazmuaabiii BapuanT (Bouma and Lenski, 1988; Fleming et al., 1988; Jones et al., 1980;
Lenski, 1993; Lenski et al., 1994a; McDermott et al., 1993; Papadopoulos et al., 1999; Seegers et
al., 1995). B mpocrom ke cilydae, B HECENEKTHBHBIX IS MOJJCPKAHUS TUIa3MHUJ] YCIOBHSIX
yIenbHasi CKOPOCTh POCTa MOMYJNSIHH TUTA3MHUACOACPKAMUX MHUKPOOPTAaHH3MOB CKOPEE BCETO
Mpe/ICTaBIsIeT yObIBAIOIIYI0 (YHKIHIO KOMHIHOCTH, MOJTMHOMUAIBHYIO JHOO 3KCIOHEHIUAb-

HYI0 (B 3aBUCUMOCTH OT ycioBuH, ['anycos u np., 2000).

u, ~1-Bi"  wum  exp(-Bi). (2.1.6)

B CelneKTUBHBIX K€ YCIOBUAX, KOTJAa POCT OAKTepuUil OrpaHUYMBACTCS, HANPUMEp, aHTH-
OMOTHKOM, yJelbHasi CKOPOCTh POCTa BEPOSITHO IMPOIOPIUOHATIBHA KOMMHHOCTH MPH MajloM
qriclie KOMUU U SBISETCs Hachlmaommeics (mubo yObiBaroreics) GyHKIIMEH TpU BBICOKOU KO-

nuiinocty (I"anycos u np., 2000; 'anycos u ap., 2001), T.e.

i

—. 2.1.7
K+i" ( )

u,~n

Xotenoch Obl emle pa3 MOMYEPKHYThb, UYTO HKCIEPUMEHTAJIbHBIX HCCIEIOBaHUM, CBS3bI-
BaIOIIUX YACTBHYIO CKOPOCTh POCTa MUKPOOHOU MOMYMSAIUNA U CPETHETO YKca KOMHU B KIIET-
Kax, /10 CHUX IOp MPOBEAECHO HE ObLIO, COOTBETCTBEHHO, IPU pa3pabOTKe MaTeMaTHUYECKUX MO-

Jienei, e KONMUWHOCTh IUTa3MUJbI MPEACTABIISIET CYLIECTBECHHYIO IMEPEMEHHYI0, IPUXOAUTCS
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PYKOBOJCTBOBAThCA ‘‘3APABBIM CMBICIIOM’, HEXEIU pPEATbHBIMU HSKCIEPUMEHTAIBHBIMU JaH-
HBIMU.

. 7l 1 nu | Nl

3. Bepoamuocms Oopeniukauui i naasmuo 8 Kiemke 00 | NAa3MUuo 3a 8pems KiemoyHo20

oeneHus ﬂ,(i — j). Jlnst moapoOHOro BHIBOJA SIBHOTO BHUJAA ATOH (PYHKIIMM HEOOXOJUMO MpH-

BJICUEHHUE JIBYX COCTABJISIOIIMX: 3HAHUE OCHOBHBIX MEXAHM3MOB PETYJSALUU KOHTPOJIS KOMHii-
HOCTH TUIA3MHUJ] B OaKTEpUAIBHBIX KJIETKAX U MPUHIUIIOB CTOXACTUYECKOTO MOJICTUPOBAHUS OC-
HOBAaHHOTO Ha TIOJXO0J€ ‘TJaBHOE ypaBHEHHE WM TpocTo M-ypaBHenue” (Master equation
approach, cm. (Kampen, 1981)), KoTOpbIif B TeOpHH BEPOSTHOCTEH COOTBETCTBYET MAPKOBCKHM
CETSAM C TUCKPETHBIM MPOCTPAHCTBOM COCTOSIHMH M HernpepblBHBIM BpemeHeM (Chiang, 1980).
Tak kak B manmpHeiieM Mbl OyleM paccMaTpUBaTh JWHAMUKY MHOTOKONHMHHBIX TUIA3MH
pBR322 u pPHL-7 (1 mogo0OHBIX), B OCHOBE KOTOPBIX JISKUT MEXaHU3M KOHTPOJISI KOTTMHHOCTH

nnasmuasl ColE1, MBI OcHOBBIBaeM omucanue ¢yHKuuu A(i — j) Ha M3BECTHOH GHOTOTHH pe-

TYJISIAA KOMUHHOCTH TOM TIa3MUIbI (CM. TIpeabIayITyto riaBy). Kak Obl0 onucano B riase 1,
B perumkanuu wiasmuabl ColEl mpuHuMaeT ydactue 1Ba OCHOBHBIX KOMIIOHEHTA: Cis- JEHCT-
Bytonuii npenpaimep (“3arpaBka’) st JJTHK momumepassr RNAIL u trans- aeiicTByrommii Kom-
mmMmenTapHbid K RNAII tpanckpunt RNAI (Masukata and Tomizawa, 1986; Tomizawa, 1985;
Tomizawa et al., 1981; Tomizawa and Som, 1984). RNAI u RNAII coco6Hsl 00pa30oBbIBATH
KOMIUTHIMEHTAPHBIA KOMILIEKC, KOTOPBIX MPEMATCTBYET YCIEITHOMY 00pa30BaHUIO MOJTHOLIEHHO-
ro npaitmepa s JIHK momumepasbl M, COOTBETCTBEHHO, HAYaly PEIUIMKAIMU TUIa3MUJIbI, €CITU
komriekc RNAI-RNAII oGpasyercss B Tak Ha3biBaeMoM ‘“‘OokHe uMHruouposanus” (Tomizawa,
1984; Tomizawa, 1986; Tomizawa et al., 1981). CtabunbHOCTE 00pa30BaHHOTO KOMILIEKCA
MHOTOKPAaTHO YBEJIMYUBAETCA B IMPUCYTCTBUE NPOJYKTa T€Ha rom, TAKXKE HAXOJIAIIErocs Ha
miazmuze (Summers, 1996; Tomizawa, 1990a; Tomizawa and Som, 1984). CnenoBarenbHO yBe-
anueHne KoHueHTpanuun RNAI npuBOANUT K CHMKEHHMIO BEPOSITHOCTH OOpa30BaHMUs IMOJIHOLICH-
HOT'O TpaliMepa, U, COOTBETCTBEHHO, K CHUKEHHIO CKOPOCTH peruikauuu miazMua. C apyroit
CTOPOHBI, YCUJIEHUE TPOMOTOPHON akTUBHOCTH reHa RNAII Bieuer yBenuueHne CKOPOCTH pen-
nuKanuu miasmul. Tak kak koHreHTpauuu MatpudHblx RNAI u RNAII cocTaBisitoT HECKOJIBKO
necsatkoB (nnst RNAID) u coren (mns RNAI) monekyn Ha knetky (Brendel and Perelson, 1993;
Brenner and Tomizawa, 1991), nunamMmuueckuii poriecc 0Opa3oBaHUs 3aTPaBKH, B3aUMOJICHCT-
Bue Mexay RNAII u kommmumentapHoit RNA I, u, HakoHel, peruiuKanus mia3Mujl siBISIIOTCS
CIIydaifHbIM, a, CJIEZIOBATEIbHO, C HAWIYULIUM MPUOIUKEHUEM JO0KEH ObITh OMHCAH CTOXACTH-
gyeckoii mojnenbto (Ehrenberg and Sverredal, 1995; Kampen, 1981; Paulsson and Ehrenberg,

1998). Takas MoaeNb JOKHA OMUCHIBATh M3MEHEHHE KOMMMIUHOCTH B OTJICIBLHO B35ATOM KIIETKE C
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€c_

TeuenueM BpeMeHH. Ilycth p(x,f)dt- BeposTHOCTH HaxoXAeHHs “X” KOTMH TLTA3MHJIbI
(x=1,2,..00) B MPOM3BOJILHOM OaKTepHATLHOH KIETKe B MHTepBal BpeMenm ({,f+dt). Torma
U3MEHEHHUE p(x,t) noguunsiercs ypaBHeHuto (Ehrenberg, 1996; Ehrenberg and Sverredal, 1995;

Paulsson and Ehrenberg, 1998):

plxt)= ply (x = 1DO(R(x = 1))p(x = 1.1)= phy xQ(R(x))p(x.1), (2.1.8)

rae k, - CKOpOCTh MHULMAIMK TPAHKpUNLUU ¢ mpomoTopa RNAII (aac); O(R) - BEpOATHOCT

00pa3oBaHus MOJHOLEHHOTO MpaiMepa mpu KoHueHTpauun RNAI = R; p - BeposSTHOCTb pen-
JMKalLUU IU1a3MUAbI IPU YCIIOBUH, YTO MOJHOLEHHBIN npaiimep A JIHK nonmumepassl ycrienHo
obpazoBaiics (Ehrenberg, 1996; Paulsson and Ehrenberg, 1998; Paulsson et al., 1998; Tomizawa,
1986). OueBuaHO, yTO 3aBUCUMOCTH (J(R) NpH 3aJaHHON KOHILIEHTPAIMM MHTUOUTOPHOU MoJie-
KyJbl R omnpeAenseT JaabHEHIylo TUHAMHUKY cucTeMbl (2.1.8), Takke Kak M KOHIICHTpAlUsl aH-
tuceHcHod RNAI R, 3aBucsIas oT TEKyLEro YUcia KOMUM IUIa3MUIbI B KJIeTKe x. MOKHO cle-
JaTh /1Ba OCHOBHBIX MPEANOJIOKEHUS OTHOCUTEIBHO OMOJIOTUU KOHTPOJI KOMUMHOCTHU IUIA3MU-
nb1 ColEl. Bo-niepBBIX, y4UTBIBast BRICOKYIO CKOPOCTh 060poTa mMRNA B GakTepuanbHbIX KIET-
Kax ¥ trans- paeuctByomyto RNAI B wactHoctn (Brenner and Tomizawa, 1991; Paulsson and
Ehrenberg, 1998; Summers, 1996), mpl Haxomaum, uTo KoHIeHTpanus RNAI mponopuroHaibHa

bl

uhcny Komui Ha kieTky win R =k, /e, x (Paulsson et al., 1998)". Bo-BTOpbIX, 3aBUCHMOCTh

O(R), cornacHo aHanu3y npoBeaeHHoMy B riaBe 1 (Ehrenberg, 1996; Paulsson et al., 1998) u
HEKOTOPBIM KCIIEPUMEHTATLHBIM JaHHBIM MPEAIOIaracTcs IByX OCHOBHBIX BHJIOB: THIIEPOOIIH-
yeckoi am6o skxcnoHeHmanbHoi (Brendel and Perelson, 1993; Brenner and Tomizawa, 1991;
Ehrenberg, 1996; Nordstrom, 1983; Nordstrom et al., 1984; Paulsson et al., 1998), unu marema-

TUYECKU Q(R)— 1 B ciydae rumepobosmueckoil 3aBucumoctu (Belpakenue (1.3.3)) u

1+ R/k

Q(R): exp(— R/ k) B Cllyyae dKCIOHEHIManbHOH (Bbipaxenue (1.3.4)). C yueToMm 3THX mpeamno-

JO)KEHH MaTeMaThudeckas Mojaelnb (2.1.8) mepenuchiBaeTCsl B BUJE:

2 R:klx—é‘IR uro B npuGmmwkennn k,,€, —> oo npu k, /€, = const naer R=k1/£1x
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phy (x~1) (x—l,z)—Lx)mp(x,z), (2.1.9)

plxt)= (

1+ (x—1)/mK)" P (1+x/mK

rae m =1 COOTBETCTBYET TUIEPOOINYECKOMY MEXaHH3My HHTUOUPOBAHUS, M = oo - HKCIIO-
HeHIaTbHOMY. K coskaneHuto, HeMMHEWHBINA BU 3aBUCUMOCTH K03 dumreHToB Moaenu (2.1.9)
OT YKcCIia KOMUM MIIa3MUbl X HE TTO3BOJISIET HAWTH €€ TOYHOE aHAIMTUYECKOE PEIICHHE, a CIIeI0-
BaTEeJIbHO YUCIIEHHOE pellleHne OyJeT UCIOIb30BaHo MPH JalbHEHIIeM aHallu3e, eciau o0paTHoe
He 0003HaueHo. TeM He MeHee, OIMH Ba)KHBI M MHTEPECHBIN CIydail BCe e MOXET ObITh Ipo-
AQHAIM3UPOBAH AHATUTHYECKU, XOTS U B MpUOIMKeHHOM BapuaHTte. [lonoxxum m =1 u npenro-
JIOKUM, 4TO X >>1, Toraa mpouecc peruiMKaluu TUia3MHul, ONMMCAaHHBIA CUCTEMOW ypaBHEHUH

(2.1.9), npubnumxenno sisercs [lyaccoHOBCKUM:
p(x’t) = pk, K p(x - Lt)_ pk, K p(x,t),
U €T0 PeIICHHE AaeTCsl CICIYIONINM BhIpakeHueM (pacnpeneneHuem [lyaccona):

0, if x <x,

plx,t)= (n o )exp(—n), if x> x, (2.1.10)
x—x,)

rae n = pk,Kt ¢ navansHbM yeioBueM p(x,0)=8_ , Tae 0, - cumBon Kpouekepa. Pacmpe-

xxg 2
ACJIICHUE TUIa3MU I K OKOHYAHHWIO KJIIECTOYHOI'O UKJIA U MOATOTOBKE K JCJICHUIO IOJIYYaCTCA IMPU

3aMeHe t — ¢, 9TO U MPEACTABISAET HCKOMYIO (DYHKITHIO A(i - )

gen 2

J=io
Al = j)=-2—exp(-n), 2.1.11

(—i)

I7ie 1 Terepb 0003HAYaeT CpeiHEee YMCIO PETTMKAIMMA TUIa3MHIbI 32 KJIETOUHBIA ITUKI KJIETKHU-
Xo3sMHa. B ciTydae SKCMOHEHIMATLHOTO MHTHOUpoBaHus byHkuus A(i — j) HaxomuTcs duc-
JIEHHBIM UHTETPUPOBAHUEM CUCTEMBI ypaBHEeHUN (2.1.9) npu m — oo,

Beipaxxenue (2.1.10) 6bu10 BriepBble SMOMpPUUECKU MpeiokeHo B pabote (Nordstrom and

Aagaard-Hansen, 1984; Nordstrom et al., 1984), a 3arem moJsryueHO ¥ HCTIOJIB30BaHO B PsJIE TEO-
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pPETUYECKUX paboOT Iy omucaHus KOHTpoJs konmuiHocTH Twuiazmug R1 u ColEl1 (Brendel and
Perelson, 1993; Ehrenberg and Sverredal, 1995; Keasling and Palsson, 1989; Paulsson and
Ehrenberg, 1998; Rosenfeld and Grover, 1993a). x moapoOHBIi aHAIW3 TTPOBEICH BO BBEICHUN
(cm. rnaBy 1), a 31€ch MBI TOJIBKO €II€ pa3 no4epkHeM, 4To perieHue (2.1.10) moayyeHo ToabKo
B YAaCTHOM CJIy4ae C UCIOJIb30BAaHUEM MPUOIIKEHUS “00JbII0N KonuiHoCcTH X >> 1. B 00mem
XKe cirydae pemeHue cuctemsl (2.1.9), o3Hadaromee BEpoSITHOCTh HAOIIOACHHS X KOTHH TIJIa3MH-
Il B OIpEICTICHHON KJIETKE B MOMEHT BPEMEHH f, MPOIIEAIISE MOCHE JCNECHUSI, MOXET OBITh
HalJICHO TOJBKO C HCIOJb30BAaHUEM UHCICHHBIX METOAOB. TakuM 00pa3oMm, MaTeMaTH4eCcKoe
OTHCAHUE HETAaTUBHOTO KOHTPOJISI KOMUIHHOCTH IMIa3Mu (WK, IPYTUMHU CIIOBaMu, GyHKIIHH Tie-
peperuINKauy Mmaa3Mu/) 3apepiiaeT GopMyIupoBaHUEe TOYHOM MaTeMAaTUYECKOW MOJIEIH MOITy-
JSIUOHHON TUHAMUKY TUIA3MHJICOISPIKANINX MTAMMOB MUKPOOPTaHU3MOB.

IIpumenenue modenu. Ilocne cTonb JIUTEIHLHOTO U JETATLHOTO OMUCAHUS BCEX OCOOEHHO-
CTell OCHOBHOW MOJIENH, MOXET BO3HUKHYThH BIIOJHE 3aKOHOMEPHBIA BOIpoC: “A 3aueM BCe 3TO
HYkHO? ['71e 1 Kak 3Ta MoJieib MOXKET ObITh TpuMeHeHa?” [Ipu Bcelt HAMBHOCTH ATUX BOIIPOCOB
OHHM YaCTO OKAa3bIBAIOTCS POKOBBIMH B TEOPETUYECKHX HCCIECOBAHUSX, TAC MaTeMaTUYeCKas
KpacoTa U CTPOTrOCTh pa3paboTaHHOW MOJENU SIBISIOTCS MPUBJIEKATEIbHBIMU, HO MPAKTUYECKas
[EHHOCTh MOJIENH JUIsi MMOHUMAaHHsS OWOJIOTMHM W3Yy4aeMOro SIBIICHUS YacTO OKa3bIBACTCS HHU-
yTo)kHOU. C 3TOH CTOpPOHBI, paspaboTaHHas TouHas Mojenb (2.1.3) obmamaeT psimoM Heco-
MHEHHBIX MPEUMYIIECTB U OJHUM CYIIECTBEHHBIM HEIOCTAaTKOM. Bo-TepBBIX, 3Ta MOJENb MO-
3BOJISIET MpeCKa3aTh JUHAMHUKY MOTepu (WM MOANEp)KaHus) IUIa3MHJ, JUHAMHKY pacrpese-
JICHUS W CTAIllMOHApHBIC pPACIpPENETICHHs] KJIETOK C Pa3IUYHON KOMHIHOCTBIO, €CIIU YCIOBUS
KyJIbTUBUPOBAHUS (CEJIEKTHUBHBIE WJIM HECEIIEKTHBHbBIE), MapaMeTphl MIa3MUAbl (KOHTPOJIb KO-
MUHHOCTH, CIy4aiHas/TOYHAsl Cerperanus) U cojepKamiero ee mramma (yaenbHash CKOpPOCTb
pocTa) W3BECTHBI (MM OOpaTHas 3ajadya - MO W3BECTHOM TWHAMUKE OMNMPEACIUTh TMapaMeTphbl
Ia3MUAbl U O0aKTepUAILHOTO MTamMMma- cM. riaBy 4). Bo-BTOphIX, MOJETh MOXKET OBITH HC-
MOJIb30BaHa JIJIsl OTBETA HA TEOPETHUECKHUE BOMPOCHI TUIIA “UTO eciH ?” (KOMUMHOCTD TUIa3MU/IbI
W3MEHUJIACh, YPOBEHb AKCIPECCHM IUIA3MUAHBIX T€HOB YBEMWUYMJICS W T.I.). Tak Kak 3Kc-
MEePUMEHTAIbHOE HCCIEOBAHUE STUX BOIPOCOB YACTO COMPSHKEHO C PSJIOM TpPyTHOCTEH
(Summers, 1996), npuMeHEeHNE MaTEMAaTHIECKIX MOJIETICH SIBJIIETCS OOJiee YeM OIpaBIaHHbBIM.

C npyro#i cTOpoHBI, MaTemMaTudeckass Mojenb (2.1.3), onurcaHHas B 9TOM 4YacTH, SIBJISETCS
JIOCTaTOYHO CJIOXHOW JJIsSi aHATUTUYECKOTrO aHanu3a (B Cilydae TunepOoIMYecKoro MHTHOUPO-

BaHHs CUTYaIlWs TOPa3/o TPOIIle M3-3a aHATHTHYECKOTO Npubmmkenus mist Gynxuun Al — j),

cM. BelpakeHue (2.1.11)), XoTst u mpouecchl, 3aJI0)KEHHBIE B Hee (pEeIuIMKalus U cerperanus
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IIa3MUA), SIBJISAIOTCS BecbMa MpocThiMU. CreAyromias yacTh Kak pa3 M MOCBSIIEHA ONMHCAHUIO U
aHAIM3Y MPUOIMKEHHOW MOJENN JUHAMUKH ITUTa3MHJ, KOTOpas BKIIOYAeT B ce0s OCHOBHBIC
CBOICTBa peIIMKALIUY TUTa3MH U UX paclpe/esieHus Mo J0YepHUM KJIeTKaM MpH JeIeHUHU, KO-
TOpasi He SBISETCS TOYHOH, HO TeM HE MEHee, KOTOpas MO3BOJSET MPOBECTH CPABHUTEIHHBIN
aHaJIU3 OCOOCHHOCTEW AMHAMUKN MHOTOKOMHMHHBIX OaKTepUaNbHBIX MITAMMOB MPHU Pa3IMYHBIX
YCIOBUSIX KYJTbTHBUPOBAHUSI.

XOTs 1 MaTEeMaTHYECKOE OMMCaHNEe BceX (PYHKIMI OBLIIO MPOBEECHO TOCTATOYHO MOAPOOHO,
HE COBCEM IOHSTHO, BO-TIEPBBIX, KAK MEXaHW3M WHTHOMPOBAHUS PETUIMKAINH TIa3MU]] (IKCIIO-
HEHI[MAIbHBIN UM TUNIEpOOINYECKUI) BIUSET Ha BEPOSATHOCTh TOTO, YTO MPU HATMYHH B KJIET-
Ke, HapuMep, 5 KONHMM IUIa3MHIbl K KOHIY KJIETOYHOIO LIMKJIA B KJIETKE OCTAaHETCA S5 KOIHM
(wim Oynet 6, 7 u T.11. Konuid). Bo-BTOPBIX, Kak cTalmoHapHOe (KBa3u-CTaIlMOHAPHOE, €CIIU OBITh
TOYHBIM) pacrpeieliCHHe KIETOK C PA3TUYHBIM YUCIIOM KOMUU TUIa3MHJIbI 3aBUCHT OT MEXaHU3-
Ma pacrpezesieHus IIa3MUJl 10 JOUYEPHUM KJIeTKaM (CiiydaifHoe WM TO4YHOe)? DTH BOIPOCHI,
Tak)Ke KaK M BOMPOC CTAOMIILHOCTH TUIA3MHJICOICPIKALNX KJIETOK MPHU Pa3HOM XapaKTepe cerpe-
raiuy IUIa3MHu, MOTYT OBITh C JIETKOCTBIO OTBEYEHBI C IMOMOIIBI0O MAaTeMAaTUYECKOM MOJeNH
(2.1.3) (cTaOUIBLHOCTD TUIA3MHJI TIPU PA3THYHBIX MEXAHU3MAaX WX HACIIEOBAHMs ObLIa YaCTUIHO
nmpoaHaiu3upoBaHa B HemaBHew padore (Paulsson and Ehrenberg, 1998), u cooTBeTcTBEeHHO
3/1eCh He OyZIeT aHAIM3UPOBATHCS MOAPOOHO (CM. TaKKe TaBy 3)).

Kak mokaspiBaeT 4MCICHHBIH aHaU3, BEPOATHOCTh PEIUIMKAlMK k = j—i TUIa3MH]I B Te-
YeHHE KJIETOYHOTO IUKIIA PAJUKATBHBIM 00pa30M 3aBHCUT OT MEXaHHW3Ma WHTHOUPOBAHMUS TIpe-
npaitmepa RNAII antucencnoit RNAI (cMm. puc. 2.1.2). B ciydae rumepOOIMUYECcKOro WH-
rEOUPOBAHNS, PacTIpeieieHne BEPOATHOCTH A(. — i) He 3aBHCHT OT KONMYECTBA KOMHil ILTa3-
MUJbl B HAYalle PEIUIMKAIMKM W, B XOPOLIEM MPUOJIMKeHuH, oT mapamerpa 6 = pk, /D. Dtu
CBOICTBa THIEPOOINYECKOr0 MEXaHW3Ma WHTHMOMPOBAHUS U JIETTU B OCHOBY TaK Ha3bIBaeMOM
moaenu ‘“+n perumkaiuii” (Nordstrom et al., 1984; Persson et al., 1990a; Persson et al., 1990b),
KOTOpasi TOJBKO B MOCIEAHEE BpeMsl Mmonydmia Teoperudeckoe obocHoBanue (Ehrenberg, 1996;
Paulsson and Ehrenberg, 1998). DxcnoHeHImanpHO€ WHTHOMPOBAHUE, C APYrOH CTOPOHBI, Je-
MOHCTPUPYET MPOTHUBOIOJIOKHOE TOBEICHUE: TIPU OOJBIION HAaYabHON KOHIICHTPAIUU TUIa3-
mugHoit JIHK B kjeTke BEepOsSTHOCTH TOTO, YTO HU OJHOU IJIA3MHJIBI HE OyIeT MPpOperTUIInpO-

BaHO MOJKET GBITH JIOCTATOUHO GOJIBINOH; Golee TOTo, BEpOsATHOCTh A(. —> i) ApaMaTHYecKH 3a-

BUCHT OT 3PPEKTUBHOCTH PEIUIMKALUY TUIa3MU] O, mepexo/is B J1enbTa (GYHKIMIO TPU OOIBIINX

0 (He moka3aHo).
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Puc 2.1.2. BepossTHOCTh HaXOXKJEHHS [ KONMHUH IJIa3MHUJbI B KJIETKE B KOHIIE KJIETOYHOTO
nukIia, npyu Hamuuuu 1 (pom0), 5 (3Be3nma) winm 10 (kBagpar) Komuil MIa3MHUIbI B Hadaje Mpo-
1ecca peruiMKanuu. TOYKH COOTBETCTBYIOT BEPOSITHOCTH )u(.. - i) B Cllydyae SKCIIOHCHIIHAITb-

HOTO WHTHOUPOBAHWSI, HENPEPHIBHBIE KPUBBIC - THIEPOOITHUYECKOTO (KOTOpOE JaeTcs pacrpe-
nenenuem Ilyaccona). ITapamerpsl Monenu: 6 = pk, /D =10, D=0.25 qac’!, cpeHee 4HCIO pe-

IUIMKALUH naa3Muael B pacupenenenuu Ilyaccona n monoxeno pasHoe 10, ,_ 7 . Pacue-
mii’/@—l,

ThI B COOTBETCTBHH ¢ MOJeINbio (2.1.9) npu m =1 (runepbonuueckoe THTUOUPOBAHUE) U M = oo

(9KCTIOHEHITMATBPHOE UHTHOUPOBAHNE).

Takast TOYHOCTH pabOTHI SKCIIOHCHIIMAILHOTO MEXaHW3Ma HHTHOMPOBAaHUS OTpPa)KaeTcs
npexae Bcero Ha crabunbHocTH Tiazmun (Paulsson and Ehrenberg, 1998). Tak kak motepst Ko-
U TUIa3MUABI OCYIIECTBISIETCS Yepe3 oOpa3oBaHHME OECIUIa3MHIHOW KIETKH TPU JCICHHH
TUTa3MUTHECYIIIEH MaTepPUHCKOM KIIETKH, SKCIIOHEHIIMAIbHOE NHTHOMPOBaHNE, BEIPABHUBAS YUC-
JI0 KOTIMH B MOMYJISAIMHU K 3aBEPIICHHUIO perukanuu xpomocomanbHoi JIHK, obecrieunBaer ro-
pas3io MEHbBIIYI0 BEPOSITHOCTh 00pa3oBaHMs OECIUIa3MUIHON KIIETKU 10 CPaBHEHUIO C runepoo-
JMYECKUM MEXaHW3MOM WHTHOMPOBAHHS, KOTOPBIA TP PAaBHOM CPEIHEM YHUCIIE KOIUH, MPHBO-
JUT K OoJiee TUCIIEPCHOMY pacIipeielIeHHIO, a CJIeI0BaTeNbHO, K OONIbIIeH BepoITHOCTH 00pa3o-
BaHMs OecIuIa3sMUIHOW KieTku mpu nochenyromem neneHnn (Paulsson and Ehrenberg, 1998;
Summers, 1996).

Takum 00pa3zoM, 3TH TPOCTHIC PEIICHHs IEMOHCTPUPYIOT MHTEPECHYIO Pa3HUILY B PETYIIs-

UKW KOHTPOJIA KOHHﬁHOCTH, U COOTBCTCTBCHHO, B CTaOMIBLHOCTH noaACpIKaHus, IMIasMul € 9KC-
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noHeHIManbHbIM (TipenmnonoxutenbHo ColEl) u runepOonudeckum (mpeamnoioxutenbHo R1)
MeXaHU3MaMHl HHTHOUPOBAHUS PETUTUKALINN TUTa3MUI.

B oTnmune oT mpuOIMKEHHOW MO, KoTopas OyAaeT cGopMylIupoBaHa W TPOAHATU3H-
pOBaHa B MOCJIEAYIOMINX YaCTSIX, TOUHAs MOJenb (2.1.3) Takke Mo3BOJSET UCCIEA0BATh BOMPOC,
KaK CTallMOHApHOE pacIpeielieHHe KIETOK C Pa3IMYHONW KOMUHWHOCTBIO 3aBUCHUT OT MEXaHU3Ma
cerperauuu IUTa3MUJ MEXAY JOYEPHUMHU KIIETKaMM IIpU ACIICHMM MaTepuHCKou. IIpocreiimas
apryMeHTaIus MoKa3bIBaeT, YTO IPU TOYHOM pACIpeNeIeHUH IIa3MUJ] IO JOUYEPHUM KIIETKaM,
pacmpeziefieHue KJIETOK C Pa3HbIM YHCIIOM KOIMUW TUTa3MUJIBI TOJDKHO OBITh MEHEE JUCTICPCHBIM
10 CPAaBHEHUIO CO CIy4ailHBIM MEXaHU3MOM pacIpeielieHHus. DTO TeOpeTHIecKoe MpeicKa3aHue,

MOJIy4€HHOE YHCICHHBIM pelieHneM cuctemsl (2.1.3), nzobpaxkeno Ha puc. 2.1.3.

x@1iD

Puc. 2.1.3. KBa3u-craiimoHapHO€ pacnpeesieHUe KJIETOK C pa3IuyHON KOMUUHOCTBIO MpHU
CIIyJaitHOM (CMHHME TOYKH, HEMPEPhIBHAS JIUHUS) K TOYHOM (KpacHbIC TOUKH, IITPUXOBAS JIMHHUS )
cerperauuy IUia3Muj mnpu jAeneHud. HempepbiBHas (CIUlOmIHAsl) KpuBasi OIMCHIBA€T TEO-
PETUYECKH OXHUAACMOE paCIpEeCIICHHE B MPUOIIKEHUH “‘O0JBINON KOMUHHOCTH (pacmpene-
nenue [lyaccona). Pacuersl B cooTBeTCTBUM ¢ MOJienbIo (2.1.3) ¢ UCMOIB30BaHUEM TTAPaMETPOB:
D=025 uac', n=4, 6=10, K=n/(0-1), Ks =0.01, S, =10, Upa=1 uwac', m=1 (ru-

nepOOIMYECKUN MEXaHU3M HHTUOMPOBAHUS).

JleficTBUTENBEHO, KBa3U-CTAIlMOHApHOE pacmupeneicHue (“KBa3u”, TOTOMY YTO C TEUCHHUEM
BpECMCHHA HH&3MHHBIGYHyT’BCC paBHO MOTCPSAHBI B NOMYJIAINN B HCCCICKTUBHBIX IJIA IMOAACP-
XKaHUs TuTa3Mul yenoBusax (cMm. BeipakeHue (1.2.3) u rmaBy 3)) oOnamaer GoJbiel Aucepcruei
IPH CIYYailiHOM pacHpeieIieHUH, YeM MPH TOYHOM, KaK M 0XKHJIAT0Ch. XOTEIOCh OBl TaKXe OT-

METHUTb, YTO CTAIlMOHAPHOE pacmupeneicHue (ImTpuxoBas JuHUSA Ha puc. 2.1.3) coBmamaer ¢ pa-
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HEe pacCUMTaHHBIM JyIsl TuIa3Muael R1 B cumynsunonabix (MoHTe- Kapio) yucieHHbIX dKcre-
pumenTtax (Nordstrom, 1985; Nordstrom and Aagaard-Hansen, 1984; Nordstrom et al., 1984).
Takum oOpazom, TouHasst Mozenb (2.1.3) MeHCTBUTENBHO ONMUCHIBAET OMOJIOTHYECKU KOP-
PEKTHYIO CUTYaIMIO JUHAMHUKY TUIA3MHU]] B TIOMYJSIUN OaKTepuid, CIIeOBATEIHHO, MOXKET OBITH
MCIIOJIb30BaHa JUIsl MPEJICKa3aHus AMHAMUKY T1a3MUACOAEPKAIIUX MUKPOOPIaHU3MOB IIPU pas3-
JUYHBIX YCIOBHSX KYJIBTHBUPOBAHUS, a TAKXKe IS CPAaBHEHUS C JUHAMHUKOW MPUOIMIKEHHOM

MOJIeNId, KOTopasi OyeT paspaboTaHa B CICIYIOIICH YacTH.
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2.2. [lpubnmxeHHast MaTeMaTH4ecKasi MOJICIb MOMYJISIIMOHHON JTUHAMUKH TUTa3MU/I.

TouyHast Mojenb MOMYJISIUOHHON AMHAMUKH TUIa3MHJ, KOTopas ObUIO ONKCcaHa B IMpeJbl-
IyIIeH 4acTu, He SBJSIeTCS BIOJHE yA0OHOM I MPOBEACHUS aHATUTUYECKOTO aHaIn3a U, B He-
KOTOPOW CTENEeHH, CIOKHA /I OHMMaHUsA. B 3Tol yacTu MblI pa3paboTaeM ajlbTepHATHBHYIO
MO/I€JIb MOMYJISIMOHHONW TUHAMHUKY IJIA3MHUICOJAEPKAIIUX MUKPOOPTaHU3MOB, K KOTOPOM mpe-
JBITYyIIasl TOYHAs MOJIENb MOXKET OBITh CBEJCHAa B HEKOTOPOM MPHUOIMKEHUH, U KOTOpas MO3BO-
JUT HaM TOHATH TMHAMMKY OaKTepualbHbIX IUa3Muj (Ha mpumepe uiazmug pBR322, pPHL-7,
pGLO u apyrux) B CENEKTUBHBIX U HECEICKTUBHBIX YCIOBHIX. OHAKO HEOOXOAMMO OTMETHTH,
YTO JaXKe €CIIU MOJIENb U SBIISIETCS MPUOIIKEHHOM, OHA TOJDKHA COAECPKATh OCHOBHBIE CBOWCTBA
IIa3MUJ, KaK MOJEKYJSpHbBIE, TaK U MOMYJISIUOHHbIE. PacCMOTpUM MOMYNSIIIMOHHBIE aCTIEKThI
JUHAMUKH TJIa3MHUIHECYIIIMX MUKPOOPTaHU3MOB.

Kak Obuto ynomsiHyTO BO BBeleHuE (ri1aBa 1), MOMyasilMOHHAs HEYCTOWYMBOCTh IITAMMOB
MUKPOOPTaHU3MOB, COJEPKAIINX PEKOMOMHAHTHBIC TUIA3MHJIBI, MOKET OBITH O0YCIIOBIIEHA Tpe-
Ms ocHOBHBIMH TipuurHamu (beitmn 1989; BenbkoB 1983, 1994; boponun u ap. 1983, [le6abos
1985, 1987; Ileuypkun u np., 1990, 'anycos u ap. 1999, I'anycos u bpunbkos, 1999): 1) cerpe-
raiuei mia3Muj], Korja 4acTh KJIETOK MOMYJNALUU yTpauruBaeT IUIa3MUbI MpU JAeNeHUH; 2) He-
CTaOUITFHOCTBIO TEHETUYECKON CTPYKTYPHI IJIa3MUJ, P KOTOPOH TIa3MHIBI COXPAHSIOTCS BO
BCEX KJIETKaX, HO B M3MEHEHHOM BHJIE; 3) OTJIMYMEM KHHETHYECKHX XapaKTepUCTHUK pOCTa Mo-
MyJSIUU [ITaMMa, COJIEPKAIer0 aKTUBHO (YHKIIMOHUPYIOIIUE MJIa3MHU/Ibl, B CPABHEHUU C aHa-
JIOTUYHBIMH Y O€CIUIa3MUAHOTO BapHaHTa, J1M00 y BapHaHTa, COAEPKAIIEero U3MEHEHHbIE TUIa3-
muzpl. ClienoBaTenbHO, JIF00ass MaTeMaTUYeCcKasi MOJIeIb, OMUCHIBAIONIAS JUHAMHUKY HECTAOWIIb-
HBIX PEKOMOMHAHTHBIX IITAMMOB, JTOJKHA COZAEpPKATh EPEUHCICHHbIE BhIILIE CBOWCTBA.

PaccMoTpuM IHHAMUKY MOMYJSIIUA MHUKPOOPTAaHU3MOB (ISl Hadajia He 00s3aTeNbHO TUIa3-
MUJCOJEpXKAIIUX) TPU HENPEPHIBHOM KyJIbTUBUPOBaHMM B XemoctaTe. llpeamonaras mpo-
CTPaHCTBEHHYIO TOMOTEHHOCTh MOMYJISIIIMKM OaKTepUil U MUTAIOMIETO0 WX CcyOCTpara, M3MEHEHUE
YUCJICHHOCTH MHUKPOOpPTraHu3MOB F u pecypca S momuuHseTcs cieaytomel cucteme nudde-
penmanbHbIXx ypaBaenuii (Herbert et al., 1965; Moser, 1958; Novick and Szilard, 1950; Pirt,
1975):
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dt

2.2.1)
9 _ p(s, - 5)- HSE
dt y

rie u(S) - ynenpHas cKOpocTh POCTa TIOMYJISIMM MHKPOOPTAHU3MOB, D - yjelbHas CKOPOCTh

pa30aBiIeHUs Cpebl B XeMOCTaTe U F - MIOTHOCTh MOMYJISIIIMA MUKPOOPTaHU3MOB.
[Ipeanonoxxum Temepb, 4TO KIETKH (O0COOM) MOMYJISAIMH PACIPECIICHBl M0 KaKUM- JTH0O
IIPU3HAKAM, HaIlpuMep, 110 BO3pacTy, pa3Mepy WIH YUCIYy KOIHMW HEKOTOpOH IutasMuibl. Torma

dynkims  F = F(X,t) Temeph WMeeT CMBICH IUIOTHOCTH BEPOSTHOCTH TaK, HTO

oo

F(%,t)d%/ IF (¥,£)d%¥ - ecTh BepOATHOCTH OGHAPYKEHHS KJIETKH C OTHOCHTENHHON KOIHIHO-
0

CThI0, TPUHAJJICKAILEH UHTEPBATY ()?,fc +d)?), I7Ie X - OTHOCUTEILHOE COACPKAHKE TIA3MU/I-
noit JIHK B knerke. B aTom ciydae, Tak kak F siBiaseTcss QyHKIMEH Kak MUHUMYM JIBYX Tiepe-
MEHHBIX, ypaBHeHUE (2.2.1) MODKHO OBITH MEPENMCaHO B YAaCTHBIX NMpou3BOAHBIX (['aHycoB u
ap., 1999; I'anycoB u bpunekos, 1999; I'anycoB u np., 2001; Jlangay u JIudmmn, 1973; Ku-
MOHTOBHY, 1982).

s BbIBOJ@ OCHOBHOM MOJENU B YAaCTHBIX NMPOU3BOAHBIX BBHIMHILIEM 3aKOH COXpPaHEHHS
grclia KIETOK JUIsi HEKOTOpPOW MpOM3BOIBHOW obOmactu (hazoBoro mpoctpanctBa dV =d”"x
(“dazoBoe mpoCTPaHCTBO” B 3TOM KOHTEKCTE O3HAYACT HATUYHME HECKOIBKUX (1) pa3IMuHBIX
MJIa3MHJT C Pa3HOM KOMUHHOCTHIO). [Ipu BBIBOE Takyke HEOOXOAMMO YUYECTh, YTO KpOME TOTOKA
Yyepe3 rpaHullbl, BEI3BAHHOTO U3MEHEHHUEM KOMUMHOCTU KJIETOK CO BPEMEHEM, CYILECTBYET IPO-
LECChl POXKJICHUS M AJIMMHHAIMM KIETOK, KOTOpble MOKHO paccMaTpuBaTh KaK HCTOYHHKH-

,u()?,S ) U CTOKH- D, pacmpeseneHHbIe 10 Beel paccMaTpuBaemoit obiactu V. K MmomeHTy Bpe-

MEHHM / B paccMaTpuBaeMoM o0beme (pa3oBOro MpoCTpaHCcTBa V Oyzaer J.Fd "X xnerok. Poxne-
Vv

t

HUE U AIIMMHUHALIMS JAI0TCS CIEAYIOIIUM UHTErPaioM: IJ[LL(}?,S )—D]d")?dt. Huddepenumpys
o

9TU BBIPAKEHHS MO f, JJIs JIF0OOT0 MOMEHTa BPEMEHH IOJy4aeM 3aKOH COXPAHEHUS IOJIHOTO

yucia 0akTepuanbHbIX KieTok (Jlanmay u Jludmmu, 1973):
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ITepenoc onepanuu auddepeHIpoBaHys 0] 3HaK HHTErpaja JaeT claeIyoIuil 3aK0oH:
aF n = nd = n_
J‘Ed X+ §(Fv)d§ = J[ﬂ(x,S)— Dld"%,
Vv S Vv

rae v = v[x,7]- ckopocTs mepenaun miasMpa B MONMYNSIMM OT BapHaHTa X BapHaHty X +d"X .
[Tonp3ysice Teopemoii ['aycca-Octporpanckoro (Jlangay m Jludmmum, 1973), npousBons cras-

JapTHBIE ONEPAIH U YIUTHIBAsI TPOU3BOJIILHOCTD 00JIaCTH V, MBI IOJIy4aeM:

aa—F+div(§cF): [u(x,8)-DJF,

t

X

rae div(v)= —= - TUBEPIeHIINs BEKTOpa V .

=4+ 2+
o d o
BwMmecte ¢ ypaBHeHHEeM Ha CyOCTpaT B Cllydae XeMOCTATHOTO KYJIbTUBHUPOBAHHS OOIIas Ma-
TEMATUYCCKAsA MOJCJIb, OIMMCBIBAIOIIAasd AVMHAMHUKY PaCIpEACICHUA IIa3MUI B KJIECTKaxX MHUKPO-

OpraHu3MoOB, UMCCT cnenyloumﬁ BU:

%_f +divl5F)=[u(%,9) - DIF,

9 (s, -$)- den 2 (2.2.2)
dt I TYGES)

rae F(X,f) - IIIOTHOCTh KJIETOK ¢ OTHOCUTENbHOUN KoHIeHTparuei “ x ~ mnasmunnoit JHK, S -
KOHIIEHTpauus cyocTpara B pepmentepe, U(X,S)- ynenbHas CKOpoCcTb pocTta, D- ylenbHas CKo-
POCTh pa3baBIeHHUs CPENIbI B XEMOCTATE, S, - KOHLEHTpa|s CyOcTpaTa B MUTAIOLIEM PE3EPBYape,
y(X,S)— sxoHOMUYECKUH KOIPPUIIUEHT.

Taxum 06pa3oM, UCTIONB3YS ATOT MOAXO0N (2.2.2) M ONMUCHIBAsE Pa3HBIMH CIIOCOOaMHU (YHK-
wan v = vlx, 7], u(x,S), y(x5S), &(¥,5) (3bdexkTHBHOCTS SKCTIPecCHr KIOHHPOBAHHBIX TEHOB,

KOTOpasi BXOJUT B YAEIbHYIO CKOPOCTb POCTa, CM. Aajie€ U INaBy 4), MOXKHO HUCCIEN0BaTh pas-

JIMIHEBIC CBOMCTBA MHOFOKOHHP'IHBIX, MHOTOIINTIa3MUJHBIX 6aKTepI/IaJ'IBHI)IX KJICTOK.
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OpnHako HEOOXOUMO OTMETUTh, UTO XOTS U CHOPMYIUPOBAHHBINA MOJX0J U OCHOBAHHAs Ha
HEM MaTeMaTH4yecKas MOJEIb MO3BOJISIOT MUCCIEN0BATh OCOOCHHOCTH AWHAMHKHU PA3HbLIX TUIa3-
MHUJ C y4EeTOM HX HECOBMECTHMMOCTH, NOIYJALHUOHHAS IUHAMHKA I[JIa3MUIHECYIIUX MUK-
POOPraHU3MOB, COACPKAMIMX IIa3MHUIBI TOIBKO ofHOoro Tuna (Hanpumep, pBR322, R1, ColEl,
pGLO, RP1-RP4, F), uzydena k HacTosmeMy BpeMEHH JOCTATOYHO MOJIPOOHO, XOTSI MHOTHE BO-
MPOCHI TaKk U ocTaroTcs HeoTBeueHHbIME (Bremer and Lin-Chao, 1986; Summers, 1996). Pyko-
BOJICTBYSICh ’TUMHU COOOpaXECHUSMHU, TaTbHEUITNN aHAJIN3 MaTeMaTndeckor moaenu (2.2.2) u ee
MPOU3BOJHBIX OyJIET MPOBEICH B MPEAINOI0KEHUHU, YTO HCCICAYEMbIi MUKPOOPTaHU3M COJIEp-
KUT TUTa3MUy ogHoro tuna (Hanpumep, pBR322 unu pGLO).

Kak moaxon (2.2.2) moka3biBaeT, A (HOPMYIMPOBAHUS MATEMaTHUECKOW MOJAETH HE0O-

XOJIMMO 3HAHHE JIBYX OCHOBHBIX (DYHKIMH: V =V [x,t] uu= ,u[x,S]. Torma kak yaenbHas CKO-

pPOCTh pOCTa U OIpenessieTcss YCIOBUSAMU KyJIbTUBUPOBAHUS (CEIEKTUBHBIE/HECEIEKTUBHBIE) C
€CTECTBEHHBIM J00aBieHHEeM (YHKIMM MOHO KakK 3aBUCHUMOCTH CKOPOCTH POCTa MUKPOOHOM
HOMYJISIMKA OT KOoHIeHTpauu cyoctpara (Herbert et al., 1965; Monod, 1949), ckopocts nepe-
a4y IJIa3MUJ OT BapuaHTa X K Bapuanty x+dx (wim oT i —i+1) JOIDKHA yYUTHIBATH Clie-
IYIOIME MPOLECCHl: YBEIUYEHUE KOMUHHOCTU IIA3MUJbl M3-32 €€ PEeIUIMKAIlMM U CHUXKEHHE
KOHIICHTPALIMH TUIA3MUIBI U3-32 ee oTepHu mpu aeneHnn (pasbdasienue) (Nordstrom et al., 1984;
Paulsson et al., 1998; Summers, 1991; Summers, 1996; Summers et al., 1993). Mexanuzm
“neperuKanyu’ TIa3MIJI 3aBUCHT OT OMOJIOTHH KOHTPOJIS PEIUTUKAIMU KOHKPETHON MIa3MUIbI

U B o0IIeM cilyyae omMchiBaeTcsi (yHKLUEH )u(x), KOTOpasi B HEKOTOPOM CMBICJIE CBs3aHa C
bynkuumei ﬂ,(i —J ) B TouHOI Mozenu. [loTeps minasmMua npu AeIeHUN U3-3a UX pa30aBlieHUs B
CpeHEM NPONOPLHUOHATIbHA YUCITY MJIa3MHUJ Ha KIETKY M 0OpaTHO MPONOPIHOHAIBHA BPEMEHH
reHepaluuy KIETOK MUKPOOpPraHu3MoB. Onpenenss, OTHOCUTEIbHYIO KOIMMMHOCTh KaK X = %\, ,
IZi€ i - peaabHOE YKMCIIO KOMMM IIa3MUIbI HA KIETKY U N- MAKCUMAJIBHO BO3MOKHOE KOJIMYECTBO

KON B KIETKE (KOTOpOE B YaCTHOCTU MOXKET OBITh U OECKOHEUHBIM), CKOPOCTh Iepenadu

IUIa3MUJ OT BapuaHTa X K BapuaHTy x+dx (wiau ot i/ N — i/ N +1/ N ) npuHUMaeT BUJ;
x=v=2Ax)-7u(x,S), (2.2.3)
r7ie T - mapameTp, ONpeAesSIONIui CKOPOCTh YMEHBIICHHS CPEIHETO YKCla KO Ha KIETKY B

MOMYJISILIMM MUKPOOPTIaHU3MOB (CM. I1aBy 3).

[ToacraBmsist ypaBaenue (2.2.3) B cuctemy (2.2.2) MOXKHO MOJTYYUTh MaTE€MAaTHUECKYIO MO-
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JIeNb, YYUTHIBAIOLIYIO CETPErallMOHHYI0 M KHHETHUYECKYI0 HECTaOMJIBHOCTh PEKOMOMHAHTHBIX

LITAMMOB MUKPOOPIraHM3MOB B Cllydae KyJbTUBHpOoBaHMs B xemocrare (I'anycos u ap., 2001):

% = (/J(an)—D)F(x,t)—%F(x,t)[/l(x)_q;x (e, S))
aFg(t), t)_ (1£(0,8) — D)F(0,¢)—[A"(0)—71(0,8) JF (0,¢) + Tro (), S)F (x,)dx,  (2.2.4)
&= (s, -5)- [ plo) Dt

riae 7,(x) omuchIBaeT BepOATHOCTH 06PA30BAHMS GECILIA3MUIHON KJICTKH NpPH JeICHHH IUIa3-
MUIHOU ¢ KOMMUUHOCTBIO X, P =di/dx - TUIOTHOCTh COCTOSIHUN ( B JIMHEWHOM ciydae p =N ).

Breipaxxenne (2.2.4) sBusieTcss (UHATLHON MaTEMaTHYECKOH MOJENbI0, ONMUCHIBAIOIICH IOITY-
JHMIIUOHHYIO TUHAMHUKY THIa3MHUACOACPKAUX MUKPOOPTaHU3MOB, COACPIKAIINX CCrperalfliOHHO

(7, #0) u KUHETHYECKU ,LL(x,S )7& const HecTaOWJIbHBIEC MPUPOIHBIE U PEKOMOMHAHTHBIE I1J1a3-

MUJIBL.

B GonplIMHCTBE ciydaeB aHAIU3 HEMPEPHIBHBIX MOJENEH MPOBOIUTCS TOpa3io MpOIle U
Oonee Toro, Oosiee 3MEraHTHO (CM., HAMPUMEpP, CPABHUTEIHHBIA aHAN3 HEMPEPBIBHBIX U JIHC-
kpeTHbIX Monenei (May and Nowak, 1994; May and Nowak, 1995)), moatomy monens (2.2.4)
MPEIMOYTUTENbHA XOTS OBl C 3TOH CTOPOHBI. TeM He MeHee, MPUOIIKEeHUE “HeTPEPHIBHON KO-
MUHAHOCTH MOJKET OBITh HE COBCEM TOYHBIM, OCOOECHHO IS INIa3MHJ C Majlod KOIMMHOCTBIO
(low copy number plasmids), 1 COOTBETCTBEHHO, MpeICKa3aHUsI HEMPEPHIBHOM MOJEIN MOTYT
OBITh HE COBCEM KOPpeKTHBIMH. C Ipyroi CTOPOHBI, MOAECID (2.2.4) TakKe MO3BOJISET HE TOJIBKO
“CKOHCTPYHPOBATh” AUCKPETHYIO MOJIENb, ONUCHIBAIOLIYIO0 AHAJIOTUYHYIO TUHAMUKY I1a3MuJ, B
peanbHBIX “KoopAuHaTaX’ (YUCIO KOMWN TUIa3MHUIBI Ha KIIETKY), HO W MOHATH (pu3nyeckuit (1
OMOJIOTHYECKHIA) CMBICT 00CHX MOJIEICH.

(13
l

ITycte X, - KOHUEHTpanus KIETOK ¢ KOJUYECTBOM Konui Iutasmunasl 7. Torna nuHamuka
MOA-TIOMYJIALMH KJIETOK C KOMUIHOCTBIO I ONMUCHIBAETCS pa3HOCTHOU cxemoil mozenu (2.2.4) no

dazoBoii koopauHate “x” (["arnycoB u ap., 2000):
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dt i=1

DX (1, (S)= D)X, 7 iat, (S)X, + 2+ Dt (S)X oy~ AX, + 4, X,

dl' i i i i i+l i+l i i i—14% -1 (225)
XN+1 = 0’

[
1

rac Xi - KOHIICHTpalus KJICTOK C KOIIHUAMMU IJIa3MU/JIBI, a YCIIOBUC XN+1 =0 CJICOYyCT U3 MAK-

CHUMAaNTLHOCTH KOITHI II1asMuabl B KIICTKE.

1 X W X wX; Wi X

Tl Tit1 Hin

VN VN
XO D Xi-1 Xi Xi+1

. /
- s
\\\ To(i-Dy, _ A / W
X el i-1 . / 7

~~
N T - & Ve
. — 7 T (Du, -
\\ \\\‘__—_’// 1 // To(l+1)u
\\ ///

i+l

Puc. 2.2.1. OcHOBHBIE IONYJISIIMOHHBIE IPOLECCH], OMMCAHHBIE B MOAeNsAX (2.2.4 - 2.2.5) n nox-
xofe (2.2.2). X,- 4MCIO KIETOK C YMCIOM KONMK IUIa3MHIbl { B IOMYJSALUU IUIa3MUJCO-

JIeprKallero MTaMMa, T, ONUCHIBACT CHUKEHUE KONMUIHHOCTU M3-3a “pa3z0aBieHus’ IIasMu[ IpU
nenennn, T,(i)~2'"" - BepoaTHOCTh 06pa30BaHKs GECITA3MUIHON KIETKHU TIPU JETEHAN KIETKH
C [ KONUSMHU IUIA3MUMBI, A, - CKOPOCTh DEIUIMKALUH IUIa3MHUJ M3-3a KOHTPOJISI KONHUIHOCTH,

CTpEJNIKM B BepXHEHl yacTh 00O03HAYaIOT POCT KJIETOK C Pa3IMYHOM KONMMUHOCTBIO (M CO-
OTBETCTBEHHO C Pa3HBIMH CKOPOCTSAMH).

[Ipocreitmmii ananu3 moxaenu (2.2.5) pacKpbIBaeT MPOCTON (PU3MUECKHUI CMBICT TUHAMHUKH
IUTa3MUICOAEPKAILNX KIETOK B HENpepbIBHOW MozenH (2.2.4) (u B noaxoxe (2.2.2)). U3meHeHune
KOIMMHOCTH B MOMYJIALIUU MHUKPOOPTaHU3MOB (CHI)KEHHUE 3 CUET MOTEPU U YBEIMUYECHHE 3a CUET
PEIUTHKAIIMK) MOXKET ObITh ONHcaHa CXeMOM, n3o0pakeHHON Ha puc. 2.2.1. Kak nmociemyromniuii

aHaJM3 MOKa3bIBaeT (CM. I1aBy 3), BCe MapaMeTphl, n300pakeHHbIe Ha puc. 2.2.1, ©UMEI0 MPOCTOH
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OMOJIOTMYECKHI CMBICT U MOTYT OBITh C JIETKOCTHIO COMOCTABIIEHBI C IMapaMeTpaMu TOYHON MO-

nenu, pa3paboTaHHO# B mpeabaymiei yactu. Hampumep, 7, =7-i, T, (i)z 2", torna kak A,

1

3aBHCUT OT TOYHOCTH KOHTpOJSI KOMHMHHOCTH (runepOoimdeckuii A, =7 A,K ¥ SKCIIOHEHIH-
ampHbIi A, =7 Ajdexp(-i/K),rne A, = pk, u K =¢, /(k, —k, ), mogpo6HOe 06bACHEHHE TaHO

B I1aBe 3).

B 3akiroueHuM 3TOM 4YacTW MBI MPOBEAEM NPOCTEHINIMN aHaIu3 NPHUOIMKEHHON Herpe-
peiBHOW Monenu (2.2.4) ¢ WCHOJIB30BaHWEM pPa3IMYHBIX aNMpoKCHUMaIui. Bo-mepBbIX, MbI
0000mM HenpepwIBHBIN Moaxox (2.2.2) Ha ciyyail COBMECTHON AMHAMHKU HECKOJBKUX TLIA3-
MU/]] B IOMYJISIHUN MUKPOOPTaHU3MOB. BO-BTOPBIX, MBI IPOAHAIM3UPYEM TUHAMUKY TUIA3MUJCO-
JepKalUX KIETOK B MPHOIMKEHUH SKCHOHEHIMAIBHOTO pocTa (WM pocTa, OJU3KOro K Cra-
[IMOHAPHOMY B HEMNPEPBHIBHON KYJIbTYpPE); B 3aBEPIICHUH Mbl PACCMOTPUM CTallMOHApHBIE pac-
IIPEEIECHNs] KIIETOK C pa3IMYHON KOMUMHOCTBIO B MOMYJISLUN MUKPOOPTraHU3MOB U UX 3aBUCH-
MOCTB OT CEJIEKTUBHOCTH YCJIOBHM KyJIbTUBUPOBAHMUS.

O0mmii moaAXox K HCCJACJOBAHMIO CBOWCTB NONMYJISNMOHHONH JAWHAMHUKH MHOIOKO-
NUAHBIX MHOTOIVIA3MHUHBIX MJIA3MUJ MUKPOOPraHu3MoB. Maremarudeckas mojaenb (2.2.4)
C JIETKOCTBIO MOXeET OBbITh 0000IIeHa AT MOJCIUPOBAHUS TUHAMUKN MHOTOIUIa3MUIHBIX (T.€.
coJlepKalliX HECKOJIbKO pa3iuyHblX MIa3MUJ) PeKOMOMHAHTHBIX IITAMMOB MUKPOOPTaHHW3MOB
U U3Y4YCHHS CBSI3aHHBIX C 3TUM HOBBIM OOOOIIEHHWEM CBOWCTB, HAlpuMep HECOBMECTHMOCTHU
Pa3HBIX TUTa3MHUJ B OJHOM KieTke. st aToro HeoOxonaumo 2 ocHoBHBIX mara (I'aHycoB u np.,
1999 T"anycoB u bpunbkos, 1999; I'anycos u ap., 2000). I[lepsoe, 3T0 chopMupoBaTh BEKTOP I0O-

TOKa IUIa3MHU I B MOIMYJIAINN
R=(x, x, o o x,) (2.2.6)

II€ X, - OTHOCUTEJIbHAS KOHLEHTpalus Miaa3MuJ Tuna 1, X, - OTHOCUTEIbHAs KOHLEHTPALUS
wiasmMua tuna 2 u T.4. [log TumoM MOXKHO MOHHUMAIOT JIMOO pa3Hble, MO0 CTPYKTYPHO HU3Me-
HEHHbIE MIa3Mubl. BTopoe, 3To onucaTh B3aMMOOTHOLIEHUS MEXIYy KiaccaMu IJIa3MHJ, T.€.

COBMECTUMOCTH/HECOBMECTUMOCTD, CEIPEralluOHHYI0 U CTPYKTYPHYIO HECTaOUIILHOCTD U Ap.:
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[ dx
7; =1, (x,,%,,..,x))
dx, "
D ¢ LX), .
g - X 62—1: = f(x,,x,..x)), 2.2.7)
dx,
7; = 10x,x,..x),

Ucnons3ys ypaBHeHue (2.2.7) u ocHOBHOM moaxona (2.2.2) Mbl OKOHYATEIbHO HaXOIUM

YPaBHCHUE, OMMUCHIBAIOIICC JTUHAMUKY MHOT'OINNIa3MHUJHOI'O HITaMMa:

oOF . OF - L of,
—+3f - —=|uR,S)-D-Y —-|-F
ot z{ ox, H z{ ox, (2.2.8)

B 3aBepmienHoit ¢opme ypaBHeHue (2.2.8) MOIDKHO OBITH IOTIOJHEHO YpaBHEHHEM Ha JIH-
MUTHPYIOIIHN pocT cyOcTpar. Pemenne cuctems (2.2.8) npu pa3IuyHBIX YCIOBUSX KYJIbTHBH-
pPOBaHUS MO3BOJHUT MCCIEIOBATH OCOOCHHOCTH MOJCPIKAHUS IUIa3MHJ B TMOMYJISALUU MHUKPO-
OpPraHU3MOB C BO3MOXKHOCTBIO COCYIIECTBOBAaHHUS (XOTS BO3MOXKHO U HE JJIUTEIBHOTO) He-
CKOJIBKHX TIIa3MUJI B OaKTepHATbHBIX KIETKAX.

Rem. [1onoOHBIN MOIX0 K MOJEIUPOBAHUIO JUHAMHUKHN YUCIEHHOCTH OWOJIOTMYECKUX MO-
IyJSIMUNA, OCHOBAaHHBIM Ha pPacIpeleieHHbIX MOJEISIX W ypaBHEHUM HENPEPBIBHOCTH, HENb3S
MpU3HATh HOBBIM, T.K. OH HCIOJb30BaJCS paHee PsAOM HCCienoBaTesieil /uis ONUCaHusl pac-
IIPEETICHUs] OPraHM3MOB I10 HEKOTOPBIM IIPU3HAKaM, HAIpUMeEp, BO3PACTy WU pa3Mepam
(Anderson et al., 2000; Cupexes, 1978; ITonysktos, 1974; Cremanosa, 1980; Cupexes u Ila-
cekoB, 1974). Iloxxon, mpeIOKEHHBI B HACTOsIIEH paboOTe W OCHOBAaHHAs HA HEM MaTe-
MaTH4ecKasi MOJIEJIb, MTO3BOJISIIOT ONMMCHIBATh MOMYJIALUOHHYIO THUHAMUKY HECTaOMJIbHBIX IUIa3-
MUJ MHOTOKOIIMIHBIX MHOTOIIJIa3MUIHBIX IITAMMOB MUKPOOPTaHHU3MOB, B TOM YHCIIE C YYETOM
HECOBMECTHMOCTH Pa3IMYHbIX TUIa3MHJI B OJJHOM KJIETKE, UTO paHee He ObLJIO pacCMOTPEHO (CM.,
Harpumep, paboTsl B 3TOM HampasieHuH: AnoHuH, 1982; Anonun u ap, 1984; Anonuna u np,
1984; Anonnn u Anonunna, 1996; Mongold, 1992).

JluHaMHKa pacnpeaejeHHii B MaTeMaTH4YeCKOM MoJeJu. B 3Toi 4acTu Mbl pacCMOTPUM
JUHAMUKY pacIpeieieHns KJIETOK ¢ pa3IM4yHON KOMUWHOCTHIO B MOMYJIAIIMA PEKOMOMHAHTHOTO
LITaMMa [P HENPEPBIBHOM U NEPUOAUYECKOM KyinbTHBUpoBaHuu (I'anycoB u ap., 2001). s

VIIPOILIEHUSI aHAJIM3a Mbl UCIOJB3YeM MPUONIMKEHUE, YTO B Hayaue KyJIbTUBHUPOBAHUS CPEIHSS
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KOIIMIHOCTh Ha KJIETKY SIBIISIETCS OYEHBb OOJBIION (3TO, HAIPUMEpP, BO3MOXKHO JOCTHYB XJIOpa-
demunukonom (Frenkel and Bremer, 1986) unu manumynsmnueld CKOPOCTH pOCTa TUIa3MUIHECY-
mmx kietok (Atlung et al., 1999; Lin-Chao and Bremer, 1986; Summers, 1996)), a Teopetuye-
CKOE 3HaueHUE CPeHEH KOMMHHOCTH B HOBBIX YCIOBHSX (TIOCJE YCTAHOBJICHHUS CTAIlIOHAPHOTO
COCTOSTHUS 110 YHCITy KOMHI, KOTOpoe omnpenaenseTcs u3 ypaBHeHus (2.2.3) npu x = 0) sBusercs
noctatouyHo MajibiM (cM., Hanpumep, (Lin-Chao and Bremer, 1986)). B sToit annpokcumarmu,

MBI MOXKEM INpeHeOpedb ABYMs (QYHKIMAMU T, (x) u l(x) B Mojenu (2.2.4). Tak xak Konui-

HOCTb B HauaJie KyJIbTUBUPOBAHUS MPEIOIAraeTcsl 10CTaTOYHO OOJIBIIOM, MBI Takke He Oynem
YUUTHIBATh JUHAMHUKY OeCIIa3MUAHBIX KiIeToK (ypaBHeHue 2 B (2.2.4)). Kak cHsTHe 3THX Orpa-
HUYEHUI MOBIKAET Ha OOIIHOCTh HAIIMX BBIBOJIOB Mbl 0OCYJJMM B OKOHYaHHUHU ATOH IJIaBbI.

Jnis mosyyeHus Mozaenu B Hambolsiee MpocToi (hopMe MBI MpeajaraeM MpOBECTH CIIEIyI0-

IYIO 3aMEHY MTePEMEHHBIX:

v=D/iu ~o=S/K,oc,=S/Ks,t=tu ,

U= 1(x,0)= ott= O1(1+0) 4, W= FI(Kyy,), (2.2.9)

MOCJIe KOTOPOH MmoTydaeM mMojiens (2.2.4) B 6e3pa3MepHOM BHU/IE:

N P
— = (U, —V)‘PH-g(x-ugux YY)

ot
(2.2.10)
do 1 ¥
y =v[o, —G]—,UGJ.P(X)LQ'X
! . y

Tak xak mosiHast mozenb (2.1.10) B oOmeM ciiyyae aHaTUTUYECKH HE MHTETPUpPyEMa, MbI
MOJIYYMM HECKOJIBKO aHAJTUTHYECKUX pemeHuid W(x,7) B MpUOIMHKEHUH pOCTa MOMYJISIUHA B Xe-
MocTaTe (TypOupocTaTe Win IEPUOUKE) B COCTOSIHUM, OJIM3KOMY K cTaninoHapHomy. [Ipu 3Tom

U, He 3aBUCUT OT KOHIEHTpaluu cyocTparta, U=V u cucrema (2.2.10) cBoautcs Kk cie-

JIYIOLIEH
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(2.2.11)

[Tonp3ysice Teopemoiri TuxonoBa (PomanoBckuit u np., 1975), Mbl HaxoaWMm, 4YTO Tiepe-
MeHHass W sBnseTcs “MeasieHHOW”, a ¢ “ObicTpoit”. CienoBaTellbHO, NEPEMEHHYIO KOHIICH-
Tpauuu cyocTpara B cpeic O MOKHO 3aMEHUTH €€ CTallMOHAPHBIM 3HAYCHHUEM, U TOTJa CHCTeMa

(2.2.11) penyuupyercs 10 ogHoro ypasHeHus ais ‘¥ :

LGN
o M

| %

=T‘P%(x-,ux), (2.2.12)

rze, He UCKIIIoYas OOIIHOCTH, MbI ojgoxuau (U = 1. Pemenue ypasuenus (2.2.12) mbl mpoBe-

JieM JUIS BYX THIIOB 3aBUCMMOCTH (L (X) - HysneBoro (U, ~ x°) u nuueitnoro (u, ~ x') npu-

OJIMKEHUH.

1. Hyaesoe npudjmxenue. [Iycte (= 1 m HadanpHOE pacnpenesieHue IiasMus, Mo KIeT-

v 9] 2
KaM 3aJaHO B BUJIC BOJTHOBOTI'O IMMAKETa C MaJIOU IUCIICPCUCU a

_Gel?

¥(x,0)=0(1-x) (2.2.13)

rue 9(x)- dbyakums XeBucana:

XapakTtepuctudeckas cucreMa ypaBHeHus (2.2.12) 3anucbIBaeTCs Kak:

dx a¥

TR

(2.2.14)

unpu U = 1 nepBble HHTETPAIbl CUCTEMBbl HAXOIATCS MHTEIPUPOBAaHUEM BbIpakeHUs (2.2.14):
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x-exp(et) =C,, (2.2.15)
W(x,t)-exp{-tt}=C,. B

Torma obmiee pemenue ypapHenus (2.2.14) umeer Bug H (C1 ,C, ) =0, roe H- mobas aHa-

auThdeckas (QyHKIuUS OT ABYX apryMmMeHToB. Ilpu ¢ =0 B ciydae Ha4aJbHOTO pacHpeesieHUs

(2.2.3) dynkuus H npuHUMAET BHI:

(G-’
2

H(C\,C,)=0(1-C)e « =G, (2.2.16)

2

IMoxcrasnss nepsbie unterpansl C,, C, B ypasnenune H(C,,C,)=0, MBI moiydaeM da-

CTHOE peleHue cucteMsl (2.2.14), ynoBieTBopstoliee HauaabHOMY pacnpeneneHuto (2.2.13):

T 2
¥(x,1)=6(1—xe" ) exp n—w . (2.2.17)
a

Breipaxxenne (2.2.17) onuchiBaeT CHWKEHHWE KOHIIEHTPAIMU IUIA3MUIHECYITUX KIIETOK C
TEYCHUEM BpeMeHI/IEI (puc. 2.2.2). Tucnepcusi pacrupeaeacHuss Ipu TakoW TUHAMHUKE, KaK 3TO
BUJHO U3 pUCYyHKa 2.2.2, yMeHbIaercs. Kak 3To He CTpaHHO, HO CKOPOCTh AJIMMHUHAIIMU TIa3-

MUJIHECYILIUX KIJIETOK COBMAJA€T CO CKOPOCTBIO CHIXKEHHS CPEAHEN KONMUMHOCTU B MOMYJSLIUU
1 1

MHKPOOPTraHU3MOB, KOTOPOE IA€TCSI OTHOIICHUEM J.x‘P(x,t)dx I‘P(x,t)dx. Jns cutyaruu, Ko-
0 0

I71a CKOPOCTh POCTa IUIa3MUACOAEPKAIIUX KJIETOK HE 3aBUCUT OT YHMCJAa KON IIa3MuIbl Ha
KJIETKY (pelieHue JaHo BhIpaxeHueM (2.2.17)), CHMKEHHE CpEJHEro 4ucia KOMWil Iporop-

nHOHATBHO exp(—7Dt), 9To, BIPOoYeM, OOBACHIETCS 3aBUCHMOCTBIO BEPOSTHOCTH MOTEPH OHOM

KOIUY TUTa3MUJIBI OT UX KOJUYECTBA.

AHanmm3 SKCTIepUMEHTAIBHBIX NaHHBIX Jones et al. (Jones et al., 1980) u Brownlie et al
(Brownlie et al., 1990), n3o00pakeHHbIX Ha puc. 2.2.3 IEMOHCTPUPYET KOPPEKTHOCTh ITHX pac-
CYXIIeHHH. B 3THX 3KCIeprMEHTaX aBTOPHI MPOCIICKUBAIN TUHAMUKY TUTA3MHIHECYIIUX OaK-

TepI/II>'I IpU pa3jInvYHbIX YCIOBUAX KYJIbTUBUPOBAHUA. HpI/I TINATCJIbHOM aHAaJIU3€ 3THUX AdAaHHBIX

3 HeoGXO0MMO HATIOMHHT, YTO 5TO HPHOMIKEHHE paboTaeT, oKa KOMMUITHOCTh He YIaa 10 MpeieIbHO MAJIbIX 3Ha-
yeHnH (Hapumep, 20% OT HCXOIHON KOHIICHTPALIUH).
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MBI OOHAPYXKUJIM, YTO XOTSI aBTOPBI U HCIIOJIb30BAJIM Pa3IMyYHbIE YCIOBUS KYIbTHUBHUPOBAHUS U
pasHble IIa3MHJIbl, IUHAMHKA CPETHEro YMCiIa KOMHWHA Ha KJIETKY B HOMYJSIHH OaKTepHil sB-
Jsmach OJIM3KOM K 3KCMOHEHUMANbHOU (perpeccHoHHbI KodpdunueHt r >0.9), kak 3T0 U
npeackKaspiBaeTcs pemenneM (2.2.17) (3a UCKIIOYEHHEM HaYallbHBIX TOYEK, TJI€ MBI IOjaraeM

BO3MOXKHBIH JIaT IEPUOJT IPU MHOKYJISIUN HOBOU KynbTyphl (Davis et al., 1990; Monod, 1949)).

0.35 - B=0.1
0.3 -
5
E  0.25 A
(=]
= 2
= 0.2
=
)
s /
g 0.15 1
g 1
]
e
E 01
(=]
=
=
0.05 -
0 : : ‘ :

0 0.2 0.4 0.6 0.8 1

OTHOCHTEJbHAS KONMUHHOCTD, X

Puc. 2.2.2. JluHaMuka pacnpeesieHus KJIETOK 110 KOJMYECTBY KOIMM IIa3MHIbl Ha KIETKY
B XEMOCTaTe B MPUOIMKEHUU CTAllMOHApHOTo pocta. HempepsiBHas nunHus U =1 (pacuer mo

dopmyse (2.2.17)), mrpuxoBannas - U =1— fx (bopmyna 2.2.26). Ilapamerpsl Momenn: V=
U~ 1, 1=0.01, a=0.1, B =0.1. 1- HauanbHOE pacmpeaeieHue, 2- pacmpeaenaenue mocue 50 ¢
(6e3pazmepHoro BpemeHH cM. (2.2.9)), 3- pactipenenenue mocie 100 z.

0O6e mmazmunsl pBR322 u pATI153 sBasinchk cerperalfmoHHO HECTAOWIBLHBIMHU TIPH He-
IPEPHIBHOM KYJIBTUBUPOBAHHM B XEMOCTarTe, 00Jiee TOro, COOTBETCTBYIOIINE CKOPOCTU MOTEPH
ma3Mul (4TO OTpakeHo B obmieit moaenu (2.2.4) u B yactHOM pemienun (2.2.17) mapamerpom
7 ) ObutH omeHeHbl Kak T =0.03 u 7 =0.09 Ha reHepanuio COOTBETCTBEHHO st pBR322 u
pAT153. OueBugHo, uto pasHsle mwiazmMuabl (pBR322 n pAT153) cHMkar0 CBOKO KOMMMHOCTS C
pasHoii ckopocThio. CymecTBeHHO oaHako, 4To aBe omeHku (0.03 u 0.09) sBiusroTcs ropasno
MEHBIIIMMH, YeM TPECKa3bIBAETCS MPOCTON MOeNblo, pa3padoranHoil [layncoHoM ¢ coaBT.
(Paulsson et al., 1998), rne 7 =In2=0.69 (cm. rnaBy 3). K coxaneHuto, IpuIMHbI 3TOTO pa-

SUTCIIBHOI'O HECOOTBETCTBUA CIIC IMOKAa HE COBCEM SCHBI, U MBI B HACTOAIICC BPEMA pa60TaeM
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HaJ HcclefoBaHueM 3Toro Bompoca. OnHOM U3 paboyux TUIOTE3 SBIAETCS MPEANONIOKEHHE O
0oJiee CIIOKHOM XapakTepe TUHAMUKU CPeTHEH KOMMHHOCTH (HampuMep, IpyU U3MEHEHUU CPeJi-
HEro pa3Mepa KJIETOK MpH JIuTebHOM KyabTuBupoBannu (Akerlund et al., 1995; Churchward et
al., 1982)), xoTopsiii He yuuThIBaeTCs mpoctoit mozensto (Paulsson et al., 1998). Ipyrum unTe-
pPECHBIM HAOJIIOJICHUEM SIBIISIETCSA TO, 4TO pemieHue (2.2.17) onmuchiBaeT TUHAMUKY CHIDKCHHS
Yycia Komuil faxe npu mManoi konuiHoctu (~10-20%), rae, ctporo rosops, pemenue (2.2.17)

HE MOKET OBIThH IIPHUMCEHCHO.

1 - A L J
3 \
=
<z
5
2 08
4
<
=
=
=
5 0.6 - . y= 1.16348—0.0206X
o R2=0.9885
= \
]
=
s 0.4 -
i \, 2
= A
-5}
H ~
5 02 S~ A 'Y
E A“\' y = 12_35666-0,0644x
S R2=0.9328
0 10 20 30 40 50 60 70 80 90
BpeMi, I'CH.

Puc. 2.2.3. Jlunamuka cpeanero uucia xkonuid ruasmuasl pBR322 (pom6, (Jones et al.,
1980)) u pAT153 (tpeyronsauk, (Brownlie et al., 1990)) npu HenpepbIBHOM KyJIbTHBUPOBAHUU
B XEMOCTaTe MpHU CKOPOCTH npoToka D=0.25 gac” (1) u D=0.15 gac™ (2). HenpepsiBHBIE TUHUN
MOJTyYeHBI B COOTBETCTBUH C TpeckazanueM mojenu (2.2.17). CkopocTs moTepu mia3mMuj Obuia
ouneHeHa kak 7 = 0.03 u 7 = 0.09 Ha re”epanuio coorBeTcTBEHHO U1 pPBR322 1 pAT153.

2. JIuneitHoe npudaukenune. 13BecTHO, 4TO 3KCIpeccUsl KIOHUPOBAHHBIX B IUIa3MHUAAX
TEHOB BIIMSET HA MAKCUMAIbHYIO YIEIBbHYIO CKOPOCTh POCTA MOMYJISINH, COAEPKAIEH ITH T'eHBbI
(Aiba et al., 1982; Bailey et al., 1986; Bentley et al., 1990; Chiang and Bremer, 1988; Dunn et
al., 1995; Fleming and Patching, 1994; Imanaka and Aiba, 1981; Imanaka et al., 1980; Lee and
Edlin, 1985; Lin-Chao and Bremer, 1986; Nguyen et al., 1989; Summers, 1996; Uhlin and
Nordstrom, 1977; Walmsley et al., 1983; Zund and Lebek, 1980). XoTst u TOYHBII MeXaHU3M
ATOrO SIBIICHUS TMOKAa HE BBISICHEH J0 KOHIA, U BEPOSTHO SIBISETCS YHUKAIBHBIM I KaXIOU

MJIa3MHJIBI, B MaTeMaTHdecKoi moaenu (2.2.11) 3Ty eHOMEHOIOTHYECKYIO 3aBUCUMOCTh MOYKHO
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BBIPA3UTh CIEAYIOIIMM 00pazoM:

B _ My (€)-S
M= u(x,S,€)= K +S (2.2.18)

rae & 3PQPEeKTUBHOCTh SKCIPECCUH IIa3MHUAHBIX TeHoB. Ilpu ycioBum, 4TO 3aTpaThl Ha JKC-
IIPECCUI0 TUIA3MUHBIX T€HOB MHOI'O MEHBIIE 3aTpaT Ha POCT U NOAJIEPKAHUE KU3HEACITEIIb-

HOCTH Oakrepuil, unu €, /M. <<1, MBI OIy4aeM:

-£+o(e) (2.2.19)

e=0

d
U (€) = 1, (0) — [P
de

W3 npeanonoxeHus: 0 HE3aBUCUMOM SKCIPECCHH Pa3IMYHBIX KOMHK B KJIETKE OaKTEpHH
CIIEeIlyeT:

E=¢€(x)=¢€,, X (2.2.20)

Hopmupyst ynenpHyr0 CKOpOCTb pocTa Ha [, , OKOHUATEJIbHO HAXOAMM CBSI3b CKOPOCTH

pocTa MOMYJIALUY IUIA3MUIHECYIIUX MUKPOOPTaHU3MOB U CpEHEN KOITMHHOCTHU:

p(x,s.e) S
umax KS+S

I S TR (2.2.21)

max

rae mapameTp 3 xapaktepusyer BiusHHE 3()()EKTHBHOCTH SKCIPECCHM KIOHHPOBAHHBIX B
IUIa3MUaX TEHOB Ha YAENbHYI CKOPOCTh POCTAa TMOMYNAIHMA PEKOMOWHAHTHOTO IIITaMMa

(Px=0o, tne o - cenektuBHBIH KO3 uUeHT, cM. Bhipaxenue (1.2.2)) u €, . - adpdexTus-
HOCTb DKCIIPECCHUHU IUIa3MMJHBIX T€HOB IPU MaKCUMallbHOM komuiiHOcTH x=1 (I"amycoB u np.,
2000). PaccmMoTpuMm 1Ba ciydas: TOYHOE PEIICHHUE TIPH ,Lt(x):(l—ﬁx) W peIIeHue TpHu
u(x) =(1-px)/(1-B).

Pemenne 1. IlpuGnmkenne f§<<1 OOBIYHO CIpaBeUIMBO NPH CIAO0M 3aBHCHMOCTH

YILGJIBHOP'I CKOPOCTHU NOIYJIAIHUU OT KOJIMYCCTBA Komuit Ij1asMuabl B KIJICTKaX, 4TO 4aCTO Ha-

OsroaeTcst JUIsi BEKTOPHBIX TIa3MHI B HeceleKTUBHBIX ycnoBusax (Chiang and Bremer, 1988;
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Engberg et al., 1975; Smith and Bidochka, 1998; Zund and Lebek, 1980).

XapakTtepuctudeckas cucreMa ypaBHeHus (2.2.12) B cinydae u(x) = (1 - [)’x) MeEeT BUJ :

dx a¥

dt = = (2.2.22)
—oe(l= ) Wir(l- fr)- fr—wp)
Toraa permieHne nMepBoro ypaBHeHHs CUCTEMBI (2.2.22) eCThb:
a4+ Cy = [~ n(x)+ BIn(1- Br)
x(1- fx)
C,=x-(1-px)f -e” (2.2.23)
NuTterpupys (2.2.23), Mbl HaXOJIUM TIEPBbIC HHTETPAIBI:
Tr— 2-*—l n[1-px]
¥(x,t)=C,e [ JL
. (2.2.24)
T
C = xe
1- Bx

[TpoBoas aHanOrMyHBIC HYJEBOMY HMPUOJIMKEHHUIO BBIUUCICHUS U UCHOJb3Yys HAyaIbHOE
pacnpenenenue B Buzae (2.2.13), Mbl mosydaem CIIEAYIOLIEE BBIpAXXEHHE IJIsl JUHAMHKU pac-

npeaciaCHuA KJICTOK I10 KOJTMYCCTBY KOITNH IJ1asMHuabl B XEMOCTATC:

T
(1) = 9[1—xe”]-exp{n‘—M—Ln|:l+ ﬁx(1+ 2)(e” —1)]}. (2.2.25)
a T

Pemenne 2. Pemenue (2.2.25) mpeanonaraer, 4To AWHAMUYECKas 3aMeHa KJIETOK C BHI-
COKOM KOMUIHOCTBIO (X = 1) Ha IITaMM C MaJlol KOMUMUHOCTHIO (X < 1) KaUeCTBEHHO HE MEHSET
CTAallMOHAPHOE COCTOSIHUE B HEMPEPHIBHON KYJIbType. XOTs 3TO MPUOIMKEHUE MOXKET OBITh BEp-
HBIM MPH OYeHb MalbIX [, MBI HOMyYnM jpyroe pemenne, koraa u(x) = (1— fx)/(1-B). Tlpu
TAaKOM BBIOOpE CKOpPOCTH pOCTa, CEJIEKTHUBHOE IPEUMYILIECTBO OECIIa3MHIHBIX KIIETOK
(! BBRIpaKAeTCs TAKUM ke 00pa3oM, Kak M B MpeabLIymeM cydae, T.e. ox)= frx. Ucnons3ys

HayaJlbHOE pacmpeneneHue B Buje (2.2.13), Mbl HaXOauUM CJEAYIOLIEe BbIpaXKEHUE JUIsl JIUHA-
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MHKH pacnpeacICHUA KICTOK MO0 KOJIUYCCTBY KOITNH II1asMHu bl B X€MOCTATE B ClIyda€ TOYHOI'O

pelIeHus:

Tt
X exp| )

P(x,1) =¥, i expd 5B (Lo il 14 B expl = 1 ||V 2.2.26)
1-pB T 1-pB

T
1+ Bx| exp|l —— |-1
B s

3ameTum, 4TO TIepexos K npeaety S — 0, Mbl mosrydaem, uyTo Beipaxkenue (2.2.26) (kak u
(2.2.25)) mepexonut B (2.2.17). JIlunamuka 3TOr0 pacnpeeieHus u3oopaxena Ha puc. 2.2.2, u3
KOTOpOTO BHIHO, YTO JIa)Ke HACTOJIbKO YIPOILEHHAs! MOJIENb MPEACKa3bIBAaeT OOIBIIYI0O CKOPOCTh
SIMMHUHAIIMN TUIa3MUJI TIPH UX BBICOKOM “crommoctu” (Gosbiime f3), YTO BIPOYEM JOCTATOTHO
TpuBUAIBbHO. OTMETUM, UTO IJIOTHOCTH MOMYJISIMN PEKOMOMHAHTHOTO IITaMMa TAaK)K€ MEHBIIIE

JJI TIJ1a3MHu g C© BBICOKOH ﬁ, YTO CBA3aHO C DOHEPICTUYCCKHUMHU 3aTpaTaMi KJICTKHW Ha PCIINIMKALIUIO

U TIO/IIepKaHUE TUTa3MUI.

1.26 -

1.05 A
= [ 3
X .
3
o 0.84 1
[ =
x
©
I
]
G
8 0.63 1
I
>§ - 1
S = y = 0.9499¢ 00107
|
E 042 - R? = 0.9999
T
2
o y = 1.0343¢0020%
021 R? = 0.9981
0 20 40 60 80 100 120 140

BpeMs, I'eH.

Puc. 2.2.4. I3mMeHeHne cpeHel KOMMHHOCTH B MOMYJISALUN TUIa3MHUICOAEPKALUX KIETOK
TIpM KyIbTHBUPOBAHHH B XeMocTaTe ipu T =107, 1- B =0.1, 2- B =0.5. TouKkx paccYUTaHHI B
COOTBETCTBUU C BbIpakeHUEM (2.2.26), HENPEPHIBHbIE JIMHUM ONMCHIBAIOT 3KCIIOHEHLHAIbHYIO
perpeccuio.
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Pemenue (2.2.27) Takke Moapa3yMeBacT, 4TO B MOSBJICHHE MAJIOKOIMIHHBIX BApUAHTOB B
M3HAYaJIbHO TOMOTCHHOW IUIa3MUJCOACPIKAIe MOMYJSIMH BOBJICYECHBI J[BA OCHOBHBIX IpO-
necca. Bo-mepBbix, IIa3Muabl TEPSIIOTCS MPH UX HEpaBHOW cerperanuu (Wid, eciau 3To Ooisee
ynoOHo, 4epe3 “pazbaBiieHHe” TUIA3MHUIT), YTO OMHUCHIBACTCS MApaMeTpoM T W JaHO PEIICHHEM
(2.2.17). Tpu manbix B MbI 0KHIAEM CKOPOCTh CHM)KEHHUS CPETHEH KOMUIHOCTH MOPSIIKA T, 4TO
¥ TPOJEMOHCTPUpOBaHO Ha puc. 2.2.4 (perpeccuss kpuBoil 1). YBenudenwe 3 Bemer K He-
MPOMOPLHUOHAIBHOMY YBEIMYEHUIO CKOPOCTH CHIXKEHHUS CpeIHE KOMUWHOCTH IUIa3MUAbI B TO-
NYJSIIUKA MUKPOOPTaHU3MOB (Ha puc. 2.2.4 - B Ba pa3a, perpeccust kKpuoii 2). Takum obpazom,
MOJieJb TpEACKa3bIBa€T, 4YTO TIOBBIIICHHE JHEPreTHUYECKON CTOMMOCTH IUIa3MHJbI, Xapak-

TepusyeMoii mapamerpoMm 3 (mm o = fx Tpu x =const), BeAET K CHIKEHHIO 00mIed cTa-

OMJIBHOCTH IJIa3MUJHECYIIHUX KJIETOK MUKPOOPTaHU3MOB MPU HEMPEPHIBHOM KYJIbTUBUPOBAHUH.

BpeMms mosayiuMHHAUMHE IUIA3MUJ B XeMocTarte. Vcnonb3ys MareMaTUyecKyl0 MOJEIb
(2.2.10) MBI MOXEM OTPEACIUTh XapaKTePHOE BpEMs, B TCUCHHE KOTOPOTO MOJIHOE YHUCIIO TIJIa3-
MU/ B IMMOMYJISALIUA TUIA3MUACOACPIKAIICTO MITaMMa CHU3UTCA BABOC (I/IJII/I TaK Ha3bIBAEMOC, BPC-
Ms nosryauMuHanuu miasmua (Ianycos u ap, 1999; 'anycoB u bpuibkos, 1999; I'anycoB u

ap., 2001)). D10 Bpemsi yIOBIAETBOPSET CIAEAYIOIIEMY HEPABEHCTBY:

g
<T, =<
T+,

, (2.2.27)

S

rue g = 1n(2)/ D - Bpems TeHepalMM B XEMOCTAaTe €O CKOPOCTBIO IIPOTOKAa D M ¢, - MaKCH-

MaJbHOE  3HAUYCHHWE  CEJNEKTUBHOTO  KO3(PQUIMEHTa,  KOTOPBIM  OMNpeAeNieH  Kak
oc(x):l—,u(x, S)/ ,u(O,S). Jlokaxem 3TO yTBepKaeHuUe. [ 3Toro 0003HAYMM IOITHOE KOJIW-

YCCTBO IIa3MU B TOMYJIAINU KaK:
1
L(t)= [x%¥ (x,t)dx (2.2.28)
0

N3 cucremsrl (2.2.10) u onpenenenus (2.2.28) Mbl moirydaeM, uyTo L(f) yaOBIETBOPSET Clie-

nytomie cucreme TuddepeHnanbHbIX YPaBHECHHINA:
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%:[ﬂ(x,o)—v]‘{‘ +r~%(x-u(x,6)~‘l’),

% =—v .L+(1—T)-‘(').x/.t(x,6)‘l’dx,

d_G:‘/(GO _G)_J.de' (2229)
| dt 0 Y

1.7,<%.
T

Jns poka3arenbCTBa 3TOTO HEPABEHCTBA Mbl MPEIINOJIONKHM, YTO CKOPOCTh POCTa IjIa3-
MUJCOJEPKAIIUX KIETOK HE 3aBUCUT OT KOMMMHOCTH 3THUX KIETOK, T.e. & = (0. CranuoHapHoe
COCTOSTHHE B XEMOCTaTe B ATOM NPUOIMKEHNUU OyAeT JOCTUTHYTO C SKCIIOHEHIIMAIBHON CKOpO-
cThio e ™ 3a HecKonbKo reHepanuii. 1o ompeseleHHI0O B CTAIIMOHAPHOM COCTOSHHM B XeMO-

cTaTe JOJKHBI BRITIOTHATHCS cieaytomtue yenosus (Herbert et al., 1965; Moser, 1958):

Zg;?f(‘)” (2.2.30)

C yuerom (2.2.30) u monenu (2.2.29) Mbl ¢ IETKOCTbIO HAXOAUM, 4TO 1;,, = g, KOTOpO€E
T

npu o # () OYEBHJIHO SIBIISIETCSA BEPXHEN OLIEHKOM.

27, > &
T+OCma

qin oa#0 ¢ yderoM  oOmOpeneneHuss  CEJIEKTUBHOIO  NPEUMYIIECTBAa  Kak
oc(x) =1-ux,S)/ ,u(O,S), MBI HAaXOJIMM CJIEIYIOIEE YpaBHEHUE JJIsl JUHAMHUKH MOJHOTO Yhciia

KOITWH:

1

%z_vu (1-7)u(0,0) [ ¥ (.0 )1 — (o)l 2.231)
0

B mporiecce snuMuHAIMK TUIa3MUCOIEPHKAIIETO MITAMMa MUKPOOPTAHU3MOB CIIEIYIOIIEE

HepaBeHCTBO BepHO: L (0,0)>Vv . COOTBETCTBEHHO, C YUETOM JTOrO yCIOBHS MPOM3BOIHAS OT

MOJIHOTO YKCIla KOMUH L(t) B ypaBHeHUH (2.2.31) siBAsIeTCS OTpaHUYCHHOM:

1
% < —tvL = [ )W (x, e x < TVL —var,,, L (2.2.32)
0
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YTO JIOKa3bIBAaCT BTOPYIO YacTh HEpaBeHCTBA (2.2.27).
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0 | \/ | |
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Bpewms, reHepaummn

Puc. 2.2.5. CHI>keHHE MOJIHOTO YUCiIa KOMUM IJIa3MUAbl B OMYJISIMKA B XEMOCTaTe B He-

CEJIEKTHBHBIX YCIOBUAX TIPH PA3HOM MaKCHMAIbHOM 4HcIe Komuii B ki1etke N (7 =107). 1 - N
= 50,2 - N=30,3 - N=10. Crpenkoil 0TMEYEHO BpeMs MOIydIUMMHUHAIUK Tuia3mui. [lo ocu
OpAMHAT - 00111ee KOJUYECTBO IUIa3MU/ B MOMYJIALNUN OaKTEpUH B YCIIOBHBIX €MHUIIAX.

W3 HepaBeHcTBa (2.2.27) cneayeTt, 4To BpeMsl IOy IMMHUHALIMY TUIa3MHUL U3 MOMYJSILIUY B
CTALlMOHAPHOM COCTOSIHUU B XE€MOCTAaTe ONpEeAENseTcs TPeMs OCHOBHBIMU MapaMeTpaMu Iuia3-
MUJICOJIEPIKAILETO IITaMMa: BpeMEHeM reHepanuu (KOTopoe B 00IIeM ciydae 33aJaeTcsi CKOpo-
CTBIO MPOTOKA), CKOPOCTBIO MOTEPHU IIA3MUJL IIPU JEJIEHUHU, XapaKTEpU3yeMOl apaMeTpoM T, U
CEJICKTUBHBIM NPEUMYIIECTBOM OECIUIa3MHUIHBIX KJIETOK (TOYHEE, €r0 MaKCUMaJIbHBIM 3HAUYCHU-
em). Tot dakr, yro npu ¢ =0 BpeMs NOIYITUMHUHALUN HE 3aBUCUT OT MAKCUMANbHO20 YUCILA
KOMUH IJIa3MU/IbI B KJIIETKE, MPOAEMOHCTPUPOBAH Ha puc. 2.2.5.

Taxum 00pa3oM, eciy U3BECTHBI apaMeTp T, CpeiHee BpeMsl F€HEpaLuu KIETOK MUKpPOOP-

TaHU3MOB g U MAaKCUMAJIbHOC 3HAYCHHUE CCIICKTHUBHOI'O KOS(i)(i)I/IHI/IeHTa o TO C IOMOIIBIO BbI-

max ?
pakenust (2.2.27) MOXXHO OIEHHMTb XapaKTEPHYIO JJIMTEIBHOCTh IMPOLECCOB (PepMEHTAIIUH
[ITAMMOB CBEPX-IPOAYLEHTOB 0 TOTO MOMEHTa BPEMEHH, KOTJa MPOAYKTUBHOCTH PEKOMOU-
HAHTHOT'O IITaMMa CHM3UTCS M3-3a MOTEPU IUIa3MHUJ C KIOHUPOBAHHBIMM B HUX I'€HaMM IpH-
MepHO BaBoe. C 3TOM TOUKH 3pEHHUsI, BpeMs MOTydTUMUHAINA (2.2.27) MOXKET CIYKUTh BaXKHOU

XapaKTEPUCTUKOU MOIYJIILIMOHHON YCTOMYMBOCTH T€HHOUHKEHEPHBIX IITAMMOB-IIPOIYLICHTOB.
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Oepanuuenus. YacTHbie perieHuss MmaTemMaTudeckoi mojaenu (2.2.10), kak Mbl YIOMSHYIH
paHee, ObUIM TOJIyYEHBI C HCIOJIB30BAHUEM JBYX CEPbE3HBIX OrpaHUYeHUil. Bo-mepBbIX, MBI
MIPEOJIOKUITN, YTO B Havajie KyJIbTUBUPOBAHUA (WM, YTO TOXKE CaMO€, B MHOKYJSTHOU Kyib-
Type) Bce KJIETKH COJepXkaT JOCTaTOYHO OOJBIIOE YMCIIO Komui miuazmuabsl. Ecnu aTo npubnu-
KEHHE He BBIMOJIHAETCS (YTO BO3MOXKHO B OIpPEAETICHHBIX CUTYallUsiX), HEMpPEepbIBHAS MOJEIb
nepecTaer paboTaTh, TaK Kak B 3TOM CIy4ae U3MEHEHHE OTHOCHUTEIBHOM KOMUHHOCTH Ha OJHY
konuio 1/ N He sBisieTcs MajbIM (4TO ObLIO UCIIONIB30BAHO MPH BBHIBOJIE HEMIPEPHIBHONW MOJIEIH),
U, CIIeJI0BaTEebHO, HE HEMpephIBHAS, a JAUCKpPETHAas MOJENb JOJDKHA OBITh MCIOJB30BaHa s
ONMCAHUS AVMHAMMKHU PACHPENEIICHUs KIETOK C pa3HOW KOMMIHOCTBIO U U3MEHEHHUE CPEIHEr0
yucaa KOMUK Ha KIETKy (cM. riaBy 3). bosiee Toro, Hu3kas HadalbHAs CpPEeIHSSI KOMMUWHOCTH B
HOMYJISIUH TUIA3MUACOAEPIKAIINX MUKPOOPTAaHU3MOB MOKET NMPUBECTH K 0Opa30BAHUIO CYIIE-
CTBEHHOM (pakuuu Oecryia3MUIHBIX KJIETOK, KOTOPhIE MOTYT KapJWHAJIbHO HU3MEHUTH IOcCIe-
IYIOIYI0 TWHAMUKY TUIa3MHIHECYIIero mramma (cM, Hanpumep, (Jones et al., 1980)), u nunHa-
MHKa KOTOPBIX HE YUUTHIBACTCS SIBHBIM 00pa3oM B pubamxeHHoi Moaenu (2.2.10). Bo-BTopsIx,
JUIsl TIOHUMaHMsI 3CCEHIMHU JIMHAMUKH paclpeiesieHusl KJIETOK C PAa3JIMYHBIM YHCIOM KOIHMH
IUIa3MUAbl MBI TaK)Ke MPEeHeOperiu KOHTPOJIeM KOMUHHOCTU IUIa3MHJIbI, OMHMCHIBAEMbIA (yHK-
et A(x). D10 MpUOIMKEHHE MOXKET OBITh 0GOCHOBAHO, €CITH MBI IPEITOJIOKHM, YTO CTAIIHO-
HapHOE 3HaYeHHUE CpeHEeH KOMUITHOCTH IMIa3MHUICOAEPKAIIETo TaMMa MPHU JJIUTEIbHOM KYJlb-
TUBUPOBAHHH SIBJIICTCS TOCTaTOYHO HU3KOW. [IpubmmkeHHOEe ypaBHEHUE Ha CTallMOHAPHOE 3HA-
YeHMe cpesHeil KOMHMITHOCTH B 9TOM CIydaeB BhIpakaeTcss kKak A(x)=Tx, W crenoBaTensHo,
ecmn x << 1,710 A(x)<<1=0,4To 1 6BLTO HCTIONBL30BaHO B MozienH (2.2.10).

[Ipocreiimmii aHAIM3 MOKA3bIBAET, YTO MOTJIO ObI IPOU30UTH C TUHAMHUKOMN CPETHETO YHC-
Ja KOMHUUA U pacTpesieieHusl KIETOK C Pa3HON KONMMIHOCTBIO, eciy Obl JBa BBILICYIIOMSHYTHIX

YCII0BHS He ObUIH GBI YIOBJIETBOPEHE! B KOHKpeTHOH curyanuu. Ecim 7,(x)# 0, nuHamuka He

MEHSIETCSI CYIIECTBEHHO TP MalbIX 3, XoTs ipu B =1 AMHAMHUKA MOKET OTIMYATHCS OT TPE.-

cka3bpIBaeMoil pereHusMu (2.2.25) u (2.2.26) n nzobpaxxeHHo Ha puc. 2.2.2 u 2.2.4. C apyroi
CTOPOHBI, Y4€T KOHTPOJSI KOMMHUHOCTU (ﬂ,(x);t () mpuBeneT K CHUXKEHUIO CKOPOCTU YMEHbIIIe-
HUSl CpPEeHEro 4Yuciia KOMUN Ha KIETKY M3-3a pEeIUIMKalMM IUIa3MHJ, U, CJIEeJ0BAaTENbHO, MpHU
x = 0 MBI 0O)KMJIAEM OTKJIOHEHUE CHUKEHUS CPEAHEN KOIMMMMHOCTU OT IKCIIOHEHIUAIBHOTO 3aKO0-
Ha, YTO YaCTHUYHO MNOATBEPKIAEHO Ha puc. 2.2.3 (xpuBas 2), rae nocie 30 reHepauuii pocra
IUIa3MUACOAEPIKAILETO IITaMMa B HEMPEPBHIBHON KYJIbType M3HAUYAJIbHO YMEHbIIAIOUIASCS Cpe-

Hss KonUuitHOCTh mia3Mu pAT153 Hagana yBenMuuBaThCS B MOCIEIYIOMUX 5 T€HEPALUAX, YTO
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BIIOJIHE MOKET COOTBETCTBOBATH “‘BKIIFOYEHHUIO HEFATUBHOI'O KOHTPOJISI KOMUHHOCTH.

B 3axitoueHMM 3TOM IUIaBbl, MBI PACCMOTPUM aHAJIU3 CTALIMOHAPHBIX PACIPENCIICHUN He-
MIPEPBIBHOM MOJIEIM B CEJEKTHBHBIX M HECEIEKTUBHBIX IS MOJAECPKAaHUS IUIa3MHUJ YCIOBHSIX,
TJIe MBI OISTh UCIIOJIB3yeM CIIEAYIOIINE TPUOIKEHUS: ﬂ,(x) =0urt, (x) = (. [locnencrBus Ha-
PYIICHHSI 3TUX YCIOBUI Mbl 00CYTUM B KOHIIE 3TOM YacTH.

CranuoHnapuble pemeHusi. CTalmoHapHbIe paclpeeseHUusT MOXKHO TMOJIYyYUTh U3 Mate-
Matuueckor moaenu (2.2.10) npu t—eo, KOrJa NPOU3BOIHBIE 110 BPEMEHH paBHBI HYIO. B 3TOM

ciaydae cucrema (2.2.10) ynpomiaercs:

L (2.2.33)

ITpoananusupyem pellieHusi CTallMOHApHOM MareMaTudeckoi monenu (2.2.33) B cenek-
TUBHBIX U HECEJICKTUBHBIX JUIsl MOEPKAHUS TUIA3MU]] YCIOBUSAX.
HecesekTuBHbBIC yCc10BHsA. B HECENEKTUBHBIX YCIOBUSAX YIENIbHasg CKOPOCTb POCTa IIO-

NYJSIMKA OOBIYHO HE 3aBUCHUT OT KOJIMYECTBA KONMUH IUIa3MUABI B KJIETKe, T.e. U = 1, nubo 3a-
BHCHUT “ciabo”, T.e. U =1-fBx. B atom ciyuae (u = 1) craumoHapHoe pacmpenencHue Oak-

TEPHUAJIBHBIX KJICTOK I10 KOJIMYECTBY KOIMH B KJIETKE HMEET BU:

¥(x)= CxHTu} 1}, (2.2.34)

rac C- HOPMHPOBOYHAsA KOHCTAHTA, KOTOpasa HAXOAUTCA M3 YCIOBHA CTAIMOHAPHOCTH IJIA BTO-

poro ypaBHeHus cucTeMsl (2.2.33):
j?(x)dx =¥, [5]=0, -5, (2.2.35)
0

rae V- cranmoHapHOe 3HAYCHHE MOTHONW OMOMACCHI KJIETOK. B CTallMOHapHOM COCTOSIHUH B Xe-

MOCTaTe BBIMIOJIHSETCS YCIOBUE u(x,c)zv, torga, oueBuaHo, WY(x)=C/x. Hcnonp3ys
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(2.2.34), ¢ yueroMm (2.2.35) MBI JIETKO TIOJIy9aeM SIBHBIN BHJI CTAIlMOHAPHOTO pacIpeiesieHus B

HCCCIICKTUBHBIX IJIA NOAACPKaHUA IMJIa3MUJ YCIIOBUAX:

o Y | o
¥ (x,1) =lim 2 n(d) =¥, 5(x), (2.2.35)

rae O(x)- menbra- Gyukius Jupaka. 13 Beipaxkenus (2.2.35) ciemyeT, 4To HENMPEPHIBHOTO CTa-
LIMOHAPHOT'O paclpeeiieHUs] B HECEIEKTUBHBIX YCIOBUSX HE CYLIECTBYET, T.€. B 3TOM Ciydae
IIPU {—>co B XEMOCTATE CYLIECTBYIOT TOJBKO OECIIa3MUIHbIE KICTKH.

CeniekTHBHBIE YCJI0BHAl. B CeNeKTUBHBIX Uil MOJACpPKAHUS IUIa3MHUJ YCJIOBHSIX, Ha-
npuMep, Npu UHTMOMPOBAHUU pocTa OaKTepuil aHTHOMOTHMKAMH, YCTOMYHUBOCTH K KOTOPBIM Yy
OaKkTepuil IETePMUHUPYETCS TUTA3MUIHBIMU T€HAMU, MOKHO TIPEIIOJIOKHTh, YTO YAelbHAasl CKO-
pPOCTh poOCTa MOMYNSLMH MPSMO MPONOPIUOHATFHA KOJIMYECTBY KOMUN IJIa3MUIbI B KJETKax
9TOM momynsuuu (Juist 6osiee olmiero ciaydas cM. BelpakeHue (2.1.7)). B aTom ciaydae MOKHO
HOJIOKUTh, 4T0 U = Kx, rae K- xo3(puuueHT nponopuuoHAIbHOCTH, CBSA3aHHBIA oOIpese-
JICHHBIM 00pa3oM ¢ KOHCTaHTOW WHTruOMpoBaHMA. KoHeuHoe cTalMoOHAapHOE pacrpenesicHHe

KJICTOK B IIOIIYJISIOUA 6a1<TepH171 10 KOIIHAM IJIa3MUBI ITPU KYJIbTUBHPOBAHUU B XEMOCTATC BbI-

pakaeTcs TOr/a CeIyImuM 00pa3om:

x (2.2.36)

OkoHYaTenbHOE, HOPMUPOBAHHOE C y4yeToM ycioBHs (2.2.35) pacmpeneneHue Toraa Mpu-

HUMaeT popmy:

¥(x) = —
+1 (K )~ x (2.2.37)
T 1%

rae ['(1 + 1/7) - ramma-dysKIus Diinepa.
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OTHOCI/ITCJ‘ILHOC YHUCJIO0 KOIINU I1JIa3MUJIbI B KJICTKEC

Puc. 2.2.6. CtaunoHapHO€ pacnpeaesieHue KJIETOK MO KOMHUSM IUIa3MHUIbl B XeMOCTaTe B
CEJICKTUBHBIX IS TOJJACPXKAHUS TIJIA3MHJ YCIOBHUSX B COOTBETCTBHH ¢ (popmymoit (2.2.36),
7=0.1.1-K=1;2- K=3.

CranumonapHoe pacnpenenenue (2.2.37) npeacrasiseT coO00i HECUMMETPUYHYIO KPUBYIO, U
JUIs pa3HbIX 3HaueHui mapamerpa K m3oOpaxeHo Ha puc. 2.2.6 (cp. ¢ (Bailey et al., 1983;
Lobner-Olesen, 1999; Srienc et al., 1986; Tseng et al., 1997)). OueBuaHO, 4TO CYIIECTBYET KPH-
TUYECKOE 3HAYCHHE KOMUWHOCTH, HE 00eCIeYnBaroee BEDKUBAHUS MATOKOMUHWHBIX KJIETOK B
CEJICKTUBHBIX yCIOBUAX. Beipakenue (2.2.37) BkItodaeT B ceOsi 1 BOZBMOXXHOCTh MHOTOKPATHOTO
YBEIWYCHHSI CPEHETO YHMCIIa KOMUH TUIa3MHJIbI B KJIETKE B CETICKTUBHBIX YCIOBHSX (aMIUTH(U-
KalluK) MPU COOTBETCTBYIOIIMX 3HAUEHUSAX MOCTOSHHOW K, BelWYMHA KOTOPOM XapaKTepU3yeT
YPOBEHB CENIEKTUBHOTO JABIICHUSI.

Ocpanuyenus. Kak 1 B pEapIAyIIEM CiIy4ae, CHATHE OTpAHUYEHUN ﬂ(x)z 0ur, (x)z 0

IIPUBOAUT K B KAKOW-TO Mepe APYTUM pe3ysbTaraM. B HECENEKTUBHBIX YCIIOBUSA, OJHAKO, ILIA3-
MUJIBI JCHCTBUTEIILHO HE MOTYT IMOJJICPKUBATHCS OSCKOHEYHO IIOJITO, U B KOHIIE KOHIIOB Ha-
YalbHBIA TIA3MHJICOACPIKALUI IIITAMM 3aMEHSETCs O€CIIa3MUIHBIM BApUAHTOM, HO TIO TPUYH-
HE HEHYJICBOW BEPOSATHOCTH 00pa3oBaHMs OeCIIa3MUAHOMN KIETKH T, (T.e. eclu T, (x);t 0).B
CCJICKTHBHBIX K€ YCIOBHUSX 0Opa3oBaHHE OECIUIa3MHIHBIX KJIETOK HE SIBISETCS BAXKHBIM H3-32

OTCYTCTBHSI pOCTa TaKUX KJIETOK B IPUCYTCTBUU, HAIPUMEP, AaHTUOMOTUKA (MBI HCKJIIOYaEM BO3-

MOKHOCTBH pa3pylICHUEC BHCKICTOYHOT'O aHTHOHMOTHKA TIa3MHUICOACPIKAIIUMU KIICTKaMH, a CJIC-
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JIOBATEIbHO BO3MOXKHOCTh pocTa Oecria3MHUIHbIX BapuaHTOB). C Ipyroil CTOPOHBI, HAIMYHE He-

raTHBHOTO KOHTPOJNs KomuitHocTH A(x)# 0 TpHBEJeT K CeNeKIHH KIETOK C KOMHAHOCTBIO X ,
onpenensemoit B ypasuennn A(¥)=7u(¥,S)X (cM. T1aBy 3), COOTBETCTBEHHO, CTAllMOHAPHOE
pacripenenenue OyAeT NpeACTaBiIsATh JAenbTa-()yHKIIUIO 5()7 ) B OTJIMYME OT MPEACKA3bIBAEMOIO

(2.2.37). Cranmonapsoe pactpezenenune (2.2.37) moxxkeT HaOMOAATHCS IS TUTA3MUJl ¢ Hapy-
HIEHHBIM MeXaHU3MOM KoHTpouisa konuitHocTH (Chiang and Bremer, 1991), xorna onpeneneHHas
KOMUNHOCTD IJIa3MUJIBI CETIEKTUPYETCSI CKOpee YPOBHEM aHTUOMOTHKA, a HE HETaTUBHBIM KOH-
TPOJIEM PEIUIMKALUY TIA3MUI.

OTa 4acTh 3aBEpIIACT aHAJIM3 HEMPEPHIBHOM MOJENIH, KOTOpas NMpU BCEW CBOEH OrpaHu-
YEHHOCTH, TEM HE MeHee crocoOHa onmucaTb MHOTME HaONro/aeMble IKCIIEPUMEHTAIbHbIEC J1aH-
HbIe (CHIDKEHUE CPEIHEro uucia KOMUN B MOMYJISIUU PEKOMOMHAHTHOTO IITaMMa, TUHAMHKY
pacripesiesieHus] KJIETOK C pa3lIMYHON KONMHUIHOCTBIO, BpeMs MOy IMMUHALIMU TIJIa3MHI U3 Xe-
MocTata U HeKoTophble apyrue). Crienyromas riaBa MOCBSLICHA aHAIM3Y JAUCKPETHOM MaTema-
TUYECKOM Mosienu (KOTopasi TAKKe SIBJISETCS MPUOIMKEHHOMN), TIe MBI pACCMOTPUM TOMYJISALIU-
OHHYIO TMHAMUKY IUIa3MHUACOAEPKAINX MUKPOOPTaHU3MOB IPU PA3IUYHBIX YCIOBHSIX YIpPaB-
JSIEMOTO KYJIbTUBUPOBAHMS, CPABHUM €€ C Mpe/ICKa3aHueM TOUYHOW MOJENU M MpOaHAU3UpyeM

Ha €€ OCHOBC HCKOTOPBIC SKCIICPUMCHTAJILHBIC TaHHBIC.
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I'/TIABA 3.
BJIUSTHUE S®OEKTA MHOT'OKOIMMHOCTH TJIASMUIbI HA TTIOITYJISALIMOHHYIO
JMHAMUKY TITTABMUICOJIEPXKAIIINX BAKTEPUN

3.1. AHaJIN3 TUCKPETHON MOJIENH: CBSI3b C TOUHOM MOJIENIbIO U IMHAMUKOM CpEeIHUX.

[IpennoxxeHHast ¥ UCCIEOBaHHAS B MpPEbIAYIIEH IJIaBe HENpepbIBHAS MOJAEb MOMYJISIH-
OHHOW TMHAMUKH MUKPOOPTaHU3MOB, COACPKAMMUX PEKOMOMHAHTHBIC TUTa3MUJBI, KPOME psiia
00CYKIEHHBIX HEJIOCTATKOB 00JIaJjaeT TaKKe OJHUM CEPhE3HBIM OTPAHUYEHHEM: OHA OMUCHIBAET
JUHAMUKY TUIa3MUJ, TIPEANoarasi ux HeMpepblBHOE U3MEHEHUE OT BapUaHTa C YUCIOM KOMUMN X
K BapUaHTy C KOMMMIUHOCTBIO X + dx . DTO CBOMCTBO BIIOJIHE MOXKET BBIIOJIHATH JIJIS1 BBICOKOIIHI-
HBIX TUTa3MuUJ (TUTa3MHUT, Y KOTOPBIX CpemHsisi KomuiHoCTh AocturaeT 50-100 konuii Ha KIETKY),
OJIHAKO OYEBUAHO SIBJISICTCS HEMPUMEHUMBIM IS IUIA3MUJ C POMEKYTOUHON WIIM Majloil cpea-
Hel KOMMMUHOCTHIO (TIopsiaika 5-30 konuii Ha KIeTKy). i onrcanusi MOMyJSIITUOHHOW TUHAMUKA
Majo- U CPEAHEKOMUUHBIX IITAMMOB MUKPOOPraHU3MOB MbI IIPEAJIaraéM OCHOBAaHHYIO Ha MOJ-
xone (2.2.4) TUCKPETHYIO MOJEIIb, TJIe IEPEMEHHOU SBJISETCS (PAaKTUUECKOE YHCIIO KOTUH TIa3-
MU/JIbI Ha KJIETKY i, U KOTOpasi OMUCHIBAET U3MEHEHUE PacCIpeieNICHUs KJIETOK C Pa3IMYHbIM YKC-
JIOM KOTIMH B MOIYJISIIIMA MUKpPOOpraHu3MoB. HecMoTpst Ha To, uTo Mozens (2.2.5) Obuta mosmy-
YeHa U3 “TIEpBBIX IPUHIMUIOB” (ypaBHEHUE HEMPEPBHIBHOCTH ), B 3TOM YaCTH MbI IIPEAIAraeM ajib-
TEPHATUBHBIN MOJIXO/.

PaccMoTpuM M3MEHEHUE YUCICHHOCTH MOJA-MONYJSLHUMU, B KOTOPOW Kaxaas KIEeTKa Co-
JIEP>KUT TOYHO [ Komui miazMuibl. OO03HaYMM 3HAUY€HHE TUIOTHOCTU 3TOM CyO-NOMYINSILIUK B
MOMEHT BpEMEHHU [ KaKk X, (t) B cnenyrommii 6eckoHeUHO OIM3KUIA MOMEHT BPEMEHH ¢ + df Tpu
OCHOBHBIX COOBITHS MOXET MPOU30UTH C KJIETKaMHU 3TOW moj-nomyisiuu (cMm. puc. 3.1.1). Bo-
MEPBBIX, OJarogapss HEraTUBHOMY KOHTPOJIO KOMUWHOCTH, YUCIIO KOMUN B KIETKE MOXET BO3-
pactu 10 i+1, 4TO OnpenenseTcsi CKOPOCTHIO PEIUTHKAIMH TUIa3MH A, , OYCBHIHO 3aBUCSIICH OT
qriclia KOMUH TUIa3MHIBI B TIOA-TIOMYJSIUN. ECTU KOMUIHOCTS i SIBIISIETCS JOCTATOYHO OOJIBIION,
10 A, =0, ¥ COOTBETCTBEHHO, BEPOSTHOCTh YBEIMYCHUS YHMCIa KOMHH OECKOHEYHO Maia (CM.
Takke puc. 2.1.2). Bo-BTOpBIX, Tak KaKk BCE KJIETKH MMEIOT ONPEJEICHHYIO BEPOSITHOCTD Jiefie-
HUS, ONIPENIENIAEMYI0 CKOPOCTBIO pocTa (I, (KOoTopas paBHa l—exp(— ,ul.t)), KJIETKHA MOTYT TOJe-
JUTHCSI B MOMEHT BPEMEHU ¢ + dtf ¥, TaKUM 00pa3oM, MPHU CIydyailHOW Cerperamuu ria3Muj 1o

JIOYEPHUM KJIETKaM MOTYT MPHUBECTH K 00pa30BaHUIO OECIUIa3MUIHON KJIETKH C BEPOSTHOCTHIO
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7,(i). Bonee Toro, ciydaifHoe pacrpeieNenne IIa3Mu, TAKKe IPHBOIUT K CHIKEHHIO (B Cpejl-

HEM) KOIMUHOCTHU OT i 10 i —1 co ckopocTeio 7,1, X, (puc. 3.1.1)

1o X, W X wX; M Xig
Tl Tirr Ming
Ty
Xo—— X Xi Xie
AN T (i-Du. , 7 4
X 0 i-l - /
o _- My A o
N T gl P
S~ _ = T m(m, e
~_ T —— - - - (D,

Puc. 3.1.1. IIpocreitmas penpe3eHTanusi TPOLecCOB, BOBICUCHHBIX B MOMYJISIIIUOHHYIO JTH-
HAMUKY KJIETOK C Pa3IMYHON KOIMMHHOCTBIO. A, - CKOPOCTh PEIUIMKAIMY IUTa3Mu] (M3-3a Hera-

TUBHOT'O KOHTPOJISI KOMMUHOCTHU), T, - MapaMeTp, XapaKTepU3yoIuil CKopocTh “‘pazdaBieHus”

IUIa3MUJ NpU JeJeHHe (C YYeTOM CryuatiHo20 paclpeleNieHus IIa3Muj MEXIy AOYepHUMHU
KJIETKaMu), T, (1) - BEPOSITHOCTH 00pa30BaHUs OECIUIa3MHUIHON KIIETKH TPU JCTICHUH KIETKU C |

KOIIMAMM IIJIa3MUIBI.

HeobxoaumMo mog4epkHyTh, YTO OMUCAaHHBINA Tporecc (puc. 3.1.1) sBusercs npuOIMKeH-
HBIM, T.K. MBI HE OMUCHIBAEM MOJPOOHO KaK MPOUCXOAMT cerperanusi (M BOOOIE-TO peruinKa-
1IKs) TJIA3MHJT, @ 3aMEHSIEM 3TOT TPOIIECC HAa MPUOIMKCHHBIA - CHHKEHUE (B CPEIHEM) KOIIHIA-
HOCTH TIPU CIY4allHOM pacIpeesieHHH, YTO BIPOUYEM MOXKET ObITh MPOMHTEPIPETUPOBAHO KaK
“pazbaBneHune” TIa3MU TPOMOPIIMOHATIBHO UX KOJIMYECTBY. DTHM CBOMCTBOM TaKXe 00JaaaeT
U JUHAMUKa CPEeIHUX (CM. Janee).

Cymmupyst Bce BbIIIECKa3aHHOE, AUCKPETHAs MaTeMaThyeckasi MOJelb, ONUChIBAONIAs H-

HaMUKY IJIa3sMUJCOACPIKAINNX IITAMMOB MUKPOOPIraHU3MOB IIPUHUMACT BUJ:

[dX il
o (1, (5)- DV, + 50 (DY, + 37, 0 ()X,
i=l

4 3.1.1
%: i(S)_D)Xi_Titui(S)Xi+T(i+l):ui+l(S)Xi+l_A’iXi+A’i—1Xi—l’ ( )
ds Yo (S)X,
—=D(S,-8)- )y ————+,
L - pis,-5)- 540

AHanu3 3To MaTeMaTU4eCKON MOJIENTM MbI TPOBEIEM B HECKOJBKO 3TaroB. Bo-nepBbIX, Mbl
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paccMoTpuM Kak monenb (3.1.1) oTpakaeT 3aBUCHMOCTb CPEIHEro Yrciia KOMHK TUTa3MHUJIbI OT
YCIIOBHI KyTbTUBUPOBAHHUS, & TAKXKE MOMPOOyeM MOHSAThH, KAKMM 00pa3oM TUHAMHUKA U3MEHECHUS
CpeIHEero yucia KOMWH IMIa3Mubl B MOMYJISIMN MHKPOOPraHM3MOB Ipoucxoaut. Ha ocHoBe
JTUHAMHUKU CPETHUX U HEKOTOPBIX IKCIIEPUMEHTAIBHBIX HAOIONCHUN MBI IPOAHATH3UPYEM I10-
NYJISIUOHHYIO JUHAMHKY IUIa3MUJICOJIEpKalINX OaKTepuil B XeMocTaTe, OCHOBBIBAsICh Ha JaH-
HbIX JI)xoHca ¢ coaBT. (Jones et al., 1980). Bo-BTOpBIX, MBI KPaTKO OCTAaHOBHMCSI Ha CPaBHEHHH
paHee pazpaboTaHHOW To4YHOM Mozaenu (2.1.3), TPEenIoKEeHHOW CerperupoBaHHON MOJEIH
(Paulsson and Ehrenberg, 1998) u npubnuxeHHON Mo1enu, IPUMEHEHHON B 9TOM IJIaBe C LEIbI0
MOHATH UX PA3HUILY U CXOAHOCTh. BO BTOpOM 4acTH ATOM TJIaBbl, Mbl MPEIJI0KUM MIPOCTON Me-
TOJI BBIYHMCIICHUS CTAIIMOHAPHBIX PACHpEeNIeHU KIETOK IO YUCIy KOMUU TIa3Mui B PHUOIH-
KEHHOW MOJIENI, U PACCMOTPUM, KaK 3TU PacIpeleieHHs 3aBUCIT OT MEXaHU3Ma KOHTPOJIS KO-
MUMHOCTHU IUIa3MU. MBI TakKe MPEII0KUM METOJ OLIEHKHU MMapaMeTPOB MAaTEMaTUYECKOW MO-
JIeJIM, OCHOBAHHBIM Ha 3HAHUM CTAllMOHAPHOTO paclpeaeseHus] KJIETOK C pa3InyHON KOMUHHO-
CThIO B OMYJISIIUA MUKPOOpPraHu3MoB. HakoHel, Mbl MpoaHaIu3upyeM MPUUYUHBI CErperaioH-
HOM HECTaOMJIBHOCTH PEKOMOMHAHTHBIX TUIa3MHJL, @ TAaKXKe MOKaKeM, KaK BapHallys KJIETOYHOTO
[IUKJIA KIETOK MUKPOOPTaHW3MOB MOKET TMOBIHUATh HA CTAOMIBHOCTh TOJJICPXKAHUS TIa3MH]T B
MOMYJSIIIMA PEKOMOMHAHTHOTO IITaMMa.

JAuHamMuka cpeaHeil KOMMUHOCTH. J[JIsI HAXOXKIECHUS ITUHAMUKHU CPEJHEr0 YMCIIA KOIHM
IUIa3MUAbl B MOMYJISIIIMM MBI ITPOBEJIEM HECKOJIBKO IMOCIIEI0BATENbHBIX YIPOIIEHUH, T.K. MaTe-
Matuyeckas mozenb B Buue (3.1.1) mpencraBisieTcss AOCTATOYHO CIIOXHOUM. Bo-mepBbix, A
MIPOCTOTHI aHaNIM3a, MOJIOKHUM U = const (OTKJIOHEHUS OT 3TOr0 MPHUOIMKEHHUS] Mbl 00CYyIUM
no3:xe). Takyke MBI MPEAMOIOKUM, YTO JUHAMHKA CyOCTpaTa SBISETCS] OBICTPOi, IO CPAaBHEHUIO
C TMHAMHUKOH KJIETOK C pa3MU4YHON KOMUMHOCTBIO (3TO JOCTATOYHO JIETKO MOKa3bIBAETCS B MPH-

ommkenuu Maibix T A). Torma u = D . Cucrema (3.1.1) nepenuceiBaercs:

dX,
7; =—7iDX, +t(i+1)DX,,, - AX, +4,_ X, |, (3.1.2)

TAC Mbl HC ONHUCBIBACM JHUHAMUKY 6CCHH33MI/II[HBIX KJIICTOK, TaK KaK OHHM HC JaCT HHUKAKOI'O

BKJIaJla B CPEIHIOI0 KOMHHHOCTh (KaK MUHUMYM B CENEKTHUBHBIX ycioBHsX). CpenHom Ko-

MUAHOCTD (2 TOYHEE, OTHOCUTENIbHYI0O KOMUUHOCTh) MBI OIIPEICIIUM KaK X = ZiX /X = Zipi ,
i=1 i=1
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rone X = ZX .. JAnd Haxo)kaeHus ypaBHEHUS Ul OTHOCHTEIBHOW CPEIHEHW KONMMWHOCTH, pac-

1

CMOTPUM JIB€ CyMMBI:

z)‘i—lipi—l :2 A (k + 1)pk :2 Ay kp, +z A Dy :z Aip, +2 A (3.1.3)
i1 k=0 =0 k=0 i=0 i=0

Nili+1)p,, =D k(k=1)p, =X k*p, =D kp, = ,i’p, —n. (3.1.4)
k=1 k=1 k=1 i=0

i=0

C yuerom Beipakennit (3.1.3) u (3.1.4) MBI HaX0IUM ypaBHEHHE HA CPEAHEE YMUCIO KOTUH

IJ1a3sMU /bl B TIOMMYJIAIINUU 71:

Xx=—wDx+ Y Ap,. (3.1.5)

i=0

Kpome cBoeit mpoctoTsl, ypaBHenue (3.1.5) B psae npuOImKeHUN MpeacKa3blBaeT TOYHO
TaKylo )K€ TUHAMUKY, YTO U HENpepbIBHAsI MOAEINb (2.2.4), 4TO BIIpOYEM, HE YAUBUTEIBHO, KOTAA
MbI TOBOPUM O cpenHux. Hampumep, npu A =0 (pu OTCYTCTBUU KOHTPOJIS KOMUHHOCTH JIHOO
MIPU PE3KOM CMEHE YCJIOBHUH), CPEIHEE YMCIO KOMUW Ha KJIETKY CHUIKAETCS SKCIOHCHITHAIHHO,
KaK ¥ IpeacKa3biBaeTcs pemeHueM (2.2.17) nenpepslBHON Mozaenu. Tem HE MEHee 3aMETUM, UTO
B ciy4yae, KOria A, HEIWHEWHO 3aBHCHT OT YHCJA KONHW (HarmpuMmep, NpU SKCIOHECHIIHAIEHOM
MeXaHu3Me MHruompoBaHus), cucrema (3.1.2) u cnegoBarenbHO ypaBHeHue (3.1.5) He umeroT

aHaiuTUdeckoro perrenus. Korna ske A = const , penienue ypaBHeHus (3.1.5) Haxoaurtcs mpo-

CTENIINM HHTETPUPOBAHUEM:
()= _+[x(o)_i] exp(_ D), (3.1.6)
™D

rae x(O) - HayaJIbHass OTHOCHUTEbHAs KonmuitHOCTh (00bdHO 1). Pemenue (3.1.6) Takxke mpen-
CKa3bIBa€T HKCIOHEHIINAJIbHOE CHUXEHHE (TOYHEe M3MEHEHHUE) CpelHel KOMUUHOCTH CO CKO-
pocThi0 ~ 7D (cpemHsisi KOMUHHOCTh B CTAllMOHAPHOM COCTOSIHUHM O0O3HAa4yaeTcss Kak n =X ),
XOTS ¥ ¢ TTOCJIEAYIOIIUM 3aMeIJICHUEM (10 CKOPOCTH ~ A ) TPH MOAXO€E K CTAI[MOHAPHOMY 3Ha-

yeHnio A/TD . 3aMeTuM, YTO TpU A =const CPeaHAS KONUMHOCTH B MOMYJISIMH MUKPOOP-
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TraHU3MOB OOpPaTHO MPOMOPIMOHATbHA YIETbHOW CKOPOCTH pa3z0aBieHus cpelbl B xemocrate D
(v, B CTAlIMOHAPHOM COCTOSIHUM, CKOPOCTH POCTa MOMYJISILIMK). DTO 03HAYaeT, YTO IPH KyJIb-
TUBHUPOBAHHUM MPU HU3KUX CKOPOCTAX MPOTOKA, KJIETKU OyIyT MPEeuMyLIECTBEHHO 00JIajaTh BbI-
COKHUM YHCIIOM KOIUH, 4eM MPH OOJBIIUX CKOPOCTAX POCTa. DTO HAOIOICHUE TTOATBEPKIACTCS
MHOTOYHCJICHHBIMH JKCIIEpUMEHTAIbHBIMU JTaHHBIMU (Atlung et al., 1999; Bailey et al., 1986;
Bailey et al., 1983; Chiang and Bremer, 1988; Eliasson et al., 1992; Jones et al., 1980; Lee and
Bailey, 1984a; Lee and Bailey, 1984b; Lee and Bailey, 2000; Lin-Chao and Bremer, 1986; Lin-
Chao and Bremer, 1987; Wittrup and Bailey, 1988). OgHako HE00OXOIUMO OTMETUTH, YTO ITH
AKCIIEPUMEHTAJIbHbIE JaHHBIE OTHOCATCS K CIIy4alo, KOT/la KOMMMHOCTH IJIa3MUIbl U3MEpSeTCs
M0 OTHOIICHHIO K YHCITy XPOMOCOM Ha KJIETKY, a CIIe0BATEIbHO HCKIIIOYAIOT BIMSHUE BCEX OC-
TaJbHBIX (PAKTOPOB, KOTOPHIE MOTYT MPUBECTU K CHIKEHUIO KOTTMHHOCTH MPU MaJIbIX CKOPOCTSIX
pocta (cM. nanee). B nononnenue, pemenue (3.1.6) He yuuThIBaeT BaprHaOeIbHOCTh MTAPaMETPOB
MOJIEJN OT YCIIOBUHM KyJbTUBHPOBAHMS, YTO TaKKe MOXKET MPHUBECTH K APYTHM IMpeAcKa3zaHUsIM

(cM. yacTh cTA0OWIBHOCTH MJIA3ZMMI).

20 F

18]
161
14

12 t

copy number
copy number

10+

40 60 80 0 20 40 60 80
generations generations

Puc. 3.1.2. JluHaMuka cpeiHell KONMMHHOCTH NPU U3MEHEHUHU YCIOBUM KYyIbTHUBHUPOBAHUS
IpU SKCHOHEHIMAIbHOM (JIeBBI Tpauk) M runepdbonnyeckoM (TpaBblii TpaduK) MEXaHH3ME
uHruoupoBanus. HenpepbiBHbIE TUHUY - YHCICHHOE pemeHue Moaenu (3.1.1), mTpuxoBaHHbIE -
npuommwkenne (3.1.7). Tlapamerpsl, UCMIONB30BaHHBIE B pacyeTax: ,u(S):l/(0.01+S), 6=10,

A=16DK (rurnepOoryecKuii MeXaHu3M MHTHOupoBaHus) U A =T1DO exp(—x/ K ) (9KCTIOHEHIIU-
anmprbIi), 7=0.1, D=0.1, S;=10, x(0)=20 (umm 5), x(co)=5 (umm 20).

Vpasuenue (3.1.5) npu A = const , nepenuceiBacTcs B BUAC X = A —TDx, KOTOPBIA SIBJISI-
€TCsl UIEHTUYHBIM YpaBHEHHUIO (2.2.3), KOTOpOE ONMUCBIBAET CKOPOCTh “‘TIEpeHOca” IJIa3MUJ Me-
Ky KJIETKaMH ¢ OJIM3KOM KOMUHHOCTBIO (X — X + dx ). Takoe coBnaseHne He yIUBUTEIBHO, TaK

KakK MbI TOBOPUM O JUHAMHKH CPEAHUX, KOTOpas AJOJ>KHA OBITh OJJMHaKOBa B HerepBIBHOf/’I n
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JTMCKPETHON MOJEISIX, BBIBEICHHBIX M3 OJHOM Oojee obmer monenu (moaxona) (2.2.2). OcHo-
BbIBAasChb Ha 5TOM, MbI HpeI[HOJIO)KI/I.HI/I, yTO U B III/ICerTHOﬁ MOACIN JUHAMUKA cpe,uHero qHucia

KOIHUH TIa3MUABI B MUKPOOHOM TOMYJISIIMKA MOXKET OBITh onrcaHa ypaBHeHueM (2.2.3), uiun

%= A(x)—7u(x,S)x. (3.1.7)

UucnienHble pemeHus AeMOHCTpUpyroT (puc. 3.1.2), uro ypaBHenue (3.1.7) moctatoyHo X0-
POILIO OMHUCHIBAET JTUHAMUKY U3MEHEHHS CpEHEN KOMUHHOCTH B MOMYJISLUA MUKPOOPTaHU3MOB
U MIPAKTUYECKH TOYHO MpeACKa3bIBaeT 3HaYCHHE KBAa3H-CTAIMOHAPHOTO YKCia KOMUH MIa3MuIbl
Ha KJIETKY. 3aMETUM, UYTO KaK U 0XKHMJIaJOCh B MOJHON monenu (3.1.1), u3MeHeHrne KONMUuMHOCTH
MPOUCXOIUT Hanbosiee OBICTPO B Cliydae 3KCIOHEHIMAIbHOIO MHTHOMPOBAHUS, HEXKEIH B CIIYy-
Yyae TUNepOOIMYECKOro, YTO CBSI3HO C “4yBCTBUTENBHOCTBIO” MHOTOKPATHOTO Ipolecca

“coenuaeHms-pacmana’ Monekysa RNAII u RNAI (cm. rasy 1).

T™Dx

P R

X; X2 x

Puc. 3.1.3. 3meHeHune cTarmoHapHOTO 3HAYCHUs (IIEpEeCceUYeHHil) cpeaHell KOMUWHOCTH B
3aBUCHUMOCTH OT YCJIOBUM KYJIbTUBUPOBAHHMS. | - MPHU BBICOKUX CKOPOCTAX pocta D, 2- mpu HU3-
Kux D (MBI IIpeArnonaraeM, 4To CHUKEHHE CKOPOCTH POCTa HE BIUSET HA (PYHKLHUIO l(x), 4TO B

psane ciaydae HeBepHO (Atlung et al., 1999), u xoTopas mpexnronaraetT 3KCIOHEHITHATBHBIN MeXa-
HU3M UHTHOMPOBAHUS ).

CraunoHapHas KOHLIEHTpalus IUIa3MUJ OYEBUIHO BbIYMCIsAETCS B ypaBHeHUM (3.1.7) npu

x =0, UM, 4YTO TOXKE CaMO€, B HEJTMHEUHOM BBIPAKCHUU:

A0x)=1u(x, S )x. (3.1.8)
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Pemenuie 3Toro ypaBHeHHsI MOKET OBITh MPOBENEHO KaK MPU MOMOIIN YHCICHHBIX, TaK U C
UCITOJIb30BaHUEM Tpaduuecknx MeTonoB. ITociaenHuil moaxox TakkKe MO3BOJIET IMOHATH, Kak
CpellHee YMCIIO KOMUM B MOMYJSALUN 3aBUCUT OT YCIOBHI KyJIbTUBUPOBaHUA (YAEIBbHOI CKOpO-
CTH pOCTa MOMYJISILIUM, CEJIEKTUBHOCTU YCIOBUM U T.M.). OMH U3 NPOCTEHIINX MPUMEPOB U30-
OpaxxeH Ha puc. 3.1.3.

3/1ech YBEIIMUEHHUE CPEIHETO YMCIIa KOMMM IUIa3MUIbI Ha KJIETKY IPOUCXOAUT U3 JIMHEHHOU
3aBHCHMOCTH YIJIa HAaKJIOHA MPSAMBIX | ¥ 2, KOTOPBIM MPOMOPIIMOHATIEH CKOPOCTH POCTa MOMYJIs-
MM MUKpOOpraHu3mMoB. COOTBETCTBEHHO, IpPU YBEJIWYEHUM CKOPOCTH pOCTa IIa3MU-
coJlepKaliX KJIETOK, CpeIHSsl KOMMMHOCTh JTOJKHA YMAcTh (MPU BCEX PaBHBIX MPOYMUX YCIIO-
BUsx). COOTBETCTBEHHO, MBI J€JIa€M BBIBOJ, U4TO ypaBHeHUE (3.1.7) MOXET OBITh HCIOIH30BAHO
JUIsL TIpeJICKa3aHus KaK CTallMOHApHBIX KoHIeHTpanui miazmuaHo JIHK B kimerkax Mukpoop-
TaHU3MOB, TaK U JJI aHAJU3a UX U3MEHEHUS.

JAuHaMuKa cpeHUX B TOYHOI MO/JeJIM U ee CBSA3b ¢ NMPUOJINKEeHHON. XOTA U JUHAMUKA
CpeHMX, ONKChIBaeMas perieHueM ypaBHeHus (3.1.7), mpakTHUeCcKu HE OTJIMYAETCS OT YUCIICH-
HOTO penieHus mojaHou cucremsl (3.1.1), maremarnueckas Mmozenb (3.1.1) Bce ke sABIseTCS TPH-
OMMKEHHOH, U, CIe0BaTENIbHO, 3TO HE (akT, uTto AuHamuka (3.1.8), Hampumep, OTpaXkaeT CHH-
’KEHHE KOMMIHOCTH, HAOII0JaeMO€e B pealibHbIX KcrepuMeHTax. CpaBHEHUE JUHAMUKH CpeHe-
IO YMClia KOMUH MIa3MUIbl Ha KIETKY B TouHOH (2.1.3) u npubnmxennoit (3.1.1) mogensax tem
HE MEHEe BO3MOXXHO. J[J 3TOro Mbl HCIHOJIb3YyeM HEIAaBHO OIMYOJIMKOBAaHHYIO B >KypHale
“Ilnazmuasr” U pazpaborannyio [layJIcoHOM ¢ COaBT. MareMaTU4YeCcKyl0 MOJENb, KOTOpas OMU-
ChIBAaCT U3MEHEHHUE CpeTHEeH KOMUWHOCTH X ¥ KOHIICHTPAIIMH WHTHOUTOPHON MOJIEKYJBI R B TIO-
NYJSIIUKA MUKPOOPTaHU3MoB, cofepxanux miasmuay ColE1 (Paulsson et al., 1998).

ABTOpBI MPEINOIOKUIN, OCHOBBIBASCH HA M3BECTHOM MEXaHU3ME€ KOHTPOJISI KOMMMMHOCTH
mwiasmMuasl ColEl, uro m3menenue xonuentpanuii mnasmuanoit JJTHK u RNAI (uaruburopa)

MOJUYUHSETCS cheayromiel cucteme nuddepeHnaibHbIX YpaBHEHUM:

x = pk,xQ(R)— Dx, G.19)
R=(k, —k, )x—(D+¢,)R .
r7e apaMeTphbl UMEIOT CIIeAyIoIHi oromornueckuii cmbic (cM. (Paulsson et al., 1998), rmasa 1

u 2 (onucanue QyHKIUUA TOPETUTHKAIIUY TUTa3MUT ﬂ,(i = )): k- ckopocTh 00pa3oBaHUS MOJHO-

IEHHBIX (T.€. COCOOHBIX K nHruoupoanuio) RNAI momnekymn, kj; - ckopocTs 00pa3oBaHuUst MOJIe-
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kynsl RNA Il (kotopast BeAeT K peruidKaIuu TIa3MHUIbI), Q(R) - BEPOATHOCTH 0Opa3oBaHUs
nonHoneHHoro npaimepa RNAIIL st IHK monmmumepassr (6e3 CBA3bIBaHUS ¢ KOMIUTMMEHTAPHON
RNAI), p - BeposATHOCTH TOT0, YTO MOJTHOLEHHBIH npaiimep 11 JJHK-nonumepassl npusener
peIUIMKAlUK TIa3MUIBL, €, - BpeMs noiypacnaga cBoboaHoir RNA I u D - ckopocTs pocTta Io-

nynsaaud. Kak 0110 yrmoMsiHyTO BbIIIE (CM. T1aBy 1) u BriepBbie nosicHeHo B padote (Ehrenberg,
1996), BepositHOCTh TpaHcKkpunuuu RNAII 6e3 cBs3pIBaHMs ¢ MHTUOMTOPHOM Mosekynoit RNAI
(pu mr000¥ KOHEYHOUW KOHIIEHTPAIUU R 3TO, OYEBUIHO, BCETJ]a BOZMOXHO) 3aBUCHUT OT TOYHOTO
mexann3ma B3aumonerictBus RNAI u RNAII (u mocnenoBatensHOoe oOpa3oBaHue (Auccolna-
nus) komiuiekca RNAIL:RNAI), a Tounee, oT uncia cadToB B “OKHE MHTHOMpPOBaHUS, HEOOXO-
JUMBIX JJIs1 TIOMHOrO HMHruOupoBaHus TpaHckpunuuu Mosiekynasl RNAIL (Ehrenberg, 1996;

Paulsson et al., 1998). JIBe ocHoBHBIe 3aBUcHUMOCTH ObUTH TpemyiokeHsl (Ehrenberg, 1996):

O(R)= ﬁ , HazBaHHbIi runepGommueckuM, 1 O(R) = exp(— R/ k), HasBaHHBIil SKCTIOHEH-
+

OuaJIbHBIM. bonee TOro, pasHbIC MCEXAHU3MBbI I/IHFI/I6I/IpOBaHI/I$I COOTBECTCTBYIOT pPa3jIMYHbBIM

“4qyBCTBUTENILHOCTSAM ™ CKOPOCTH PEIUTUKAIMH TUIa3Mu Pk HQ(R) K U3MEHEHUIO KOHLICHTPALUU

R aHTHCEHCHOW MOJIEKYJBI. B ciydae SKCIOHEHIIMAIBLHOTO WHTMOMPOBAHMS YHCIIO PETLTUKAIINI
Ha IJIa3MUYy B TE€UYEHHUE OJHOTO KJIETOYHOTO JEJICHHS HAaXOIUTCS ropasfo OJIMXKEe K eAUHHUIIC,
YyeM TMpH TrunepOoJMYecKOM HHTUOMPOBAHUHM, 4YTO, BIPOYEM, KOMIIEHCHUPYETCS BBICOKOM
“CTOMMOCTBIO” (B CMBICIIE OOJIBIION CKOPOCTH MPOM3BOJCTBA U pacmaga Moiekyiasl RNAIT) skc-
noHeHIMaapHoro nHruoupoBanus (Paulsson and Ehrenberg, 1998).

Kak sxe aTa Moziens cBsizana ¢ mojenbio (3.1.1), mpemioxkennoit B 3to padore? [Ipocreiimmii
aHajm3 mokasbiBaet, uyTo cuctema (3.1.9) ceomures k (3.1.7) npu ydere BBICOKOW CKOPOCTH 000-
pora anTuceHCHON Mouyiekynbl RNAIL Psg skcnepuMeHTanbHBIX HAOMIOJCHUH JEHCTBUTEIHHO
MOJATBEPXKJIAIOT, YTO B IIMPOKOM JHAra30oHe YCIOBHM KyJIbTUBUPOBAHUS, CKOPOCTh TPAHCKPHII-
uu mMoaekyasl RNAI sBisiercs oueHb BBICOKOH, a nepuof noiypacnaga RNAI cocrasiser He-
ckoibko MEHYT (Atlung et al., 1999; Bremer and Lin-Chao, 1986; Brenner and Tomizawa, 1991;
Chiang and Bremer, 1991; Lin-Chao and Bremer, 1986; Lin-Chao and Bremer, 1987; Lin-Chao
and Cohen, 1991; Perelson and Brendel, 1989). bonee Toro, kak mokaspiBaeT aHAJIU3, TPOBEICH-
Helid B padore (Paulsson and Ehrenberg, 1998), Bbicokast CKOpoCTh 000pOTa MHTHOUTOPHOU MO-
JIeKyJIbl HeoOXoauMa sl CTaOMIbHOU peruikanuu miazMuzl. OCHOBBIBAasICh Ha ATUX pe3yJbTa-

Tax, MBI, CJIEIOBATENbHO, IIPEANONIOKNM, UTO k, >>k, n €, >> D . Torna BTopoe ypaBHEHHE B

(3.1.9) aBusercst “ObICTPHIM’ TIO CPABHEHUIO C MEPBHIN, U 3HaueHUEe KoHIleHTparuu RNAI Torna
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BBIPAXKACTCS:
R(t)= L x(¢). (3.1.10)
Torga cucrema (3.1.9) cBoAUTCS K ypaBHEHHUIO:

X = pk,;xQ l;—’x —Dx. (3.1.11)

1

CpasuuBas (3.1.11) ¢ (3.1.7), MbI 3amMe4aeM, YTO OHU COBHAAAIOT NpU T =1 U mapameTpax

k
u(x,S)=D n Alx)= pk,x0| -~ x |. B caydae rumepGomIUeCcKOro U IKCHOHEHIIHATILHOTO Me-
81

XaHU3MOB UHTMOMPOBaHUS QYHKLUS “‘TIepepeIuInKaluy’’ mIa3MuI l(x) IIPUHUMAET BUJ:

~ DO K =const  (runepOonmuueckuii) (3.1.12)

A(x)= pk,xexp| — k—I%)z DO xexp| — % (oxcrioneHnManbHbIN) (3.1.12)

rne 0 =pk, /D, K=¢k/k, nt=1.
Takum 06pazom, Mol HAWIU C653b MENCOY (PEHOMEHONLOZUUECKUMU NaAPAMEmpamu Nnony-

JZ}ZI/;I/{OHHOIZ OUHAMUKU nﬂaswtudcoaepofcau;ux MUKPOOP2ARUIMOB /l(X) U Tu napamempamu, onu-

CHIBAIOWUMU KUHEMUKY PenauKayuu niazmuo 6 unousuoyaivhou kiemke K u 6. Teneps, B 4acT-
HOCTH, OYEBHIHO, YTO MPHOJIMKEHHE A = const, WCIOIb30BAaHHOE B PSJIC aHATHM3UPOBAHHBIX
3amau, otHocuTcss K ColEl- Tuma mnasmumaMm ¢ TpeArnoaoKUTEIbHO THIEPOOTHIYECKUM MeXa-
HU3MOM WHTHOMPOBAHMS PEIUIMKAIMM IUIa3MHJ, TOTJa Kak (YHKUUS, M300pa)KeHHas Ha pHC.
3.1.3 (HavanpHOE YBEIMYECHHE W MOCIEAOBATCIbHBINA Ca/d), OMMCHIBAECT YKCITOHEHIIUATBHBIN Me-
XaHU3M UHTHOUPOBAHUS.

OmHaKo 0HO HECOOTBETCTBHE BCe ke 04eBUAHO. [Ipubmmxennas moaens (3.1.1) cogepxut

napameTp 7, TOT/Ia B CUCTEME sl AMHAMUKA CPEIHUX, IpeaiokeHHoM B pabote (Paulsson et al.,
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1998), on otcyrcTByeT. [l MOHUMaHUS 3TOW Pa3HUIBI MBI TIPOBEIN YUCICHHBIC PAacUEThl JIH-
HAaMUKHU CPEIHEro 4Yucia KOMHWM B COOTBETCTBHM C TOYHOW Monenbio (2.1.3) u cpaBHWIM UX C
pemenuem ypaBuenus (3.1.7). Pesynbrarel n300pakens! Ha puc. 3.1.4.

OdeBuHO, YTO Halla MoJeib (HENpepblBHAsA JIMHUA Ha puc. 3.1.4) onuchIBaeT JUHAMHKY
CpeIHEero yucia KOMUW IUIa3MHUAbI B MOMYJISLUUNA MHUKPOOPTaHU3MOB MPAKTHYECKU TOYHO MPHU
7 =0.8-0.9, yTo TakuM 00pa3oM MOATBEP)KIAET KOPpeKTHOCTh mpuobmmwkenus (3.1.11) s
OTNUCAHUs JUHAMUKHU TOUHOM Mojenu (2.1.3). OmHako cTONMbh BBICOKOE 3HAUYCHUE IS T OTINYa-
€TCsl 1O MOPSAIKY BETUYHMHBI, OLEHEHHOTO ISl SKCIEPUMEHTAIbHBIX IJIA3MUJ: aHAINU3 DKCIe-
puMeHTanbHBIX TaHHBIX (Brownlie et al., 1990; Jones et al., 1980), npoBeaeHHBIX B IIaBe 2, MO-
Ka3bIBaeT, 4TO T << 1, W, CJIe0BaTEeIbHO, CHI)KEHUE CPEIHEHl KOMMITHOCTU B pEalIbHbIX 3KC-
MEepPUMEHTaxX MPOUCXOIUT C rOpa3/io MEHbIIEH CKOPOCTHIO, YEM MOKHO MPEIINOJIOKHUTh U3 MO-

nenu (3.1.11)

10 [~ ‘ ‘ > ‘ ®
,‘ .F 1

copy number

0 1 2 3 4 5
generations

Puc. 3.1.4. Jlunamuka cpeHel KOMMMHOCTH B MOMYJISILIMM IIA3MUICOAEPIKAIIETO IITaMMa
B COOTBETCTBUM C TOUHOM MOJIEbIO (TOUKH) U AMHAMUKOU cpenHux mo mojaenu (3.1.7) (mempe-
peiBHasg kpuBas). Ilapamerpsl (ocTanbpHble HpuBEAEHbl B noxamucu K puc. 3.1.2): 7=0.85,
x(0)=3u x(e0)=10.

[TprunHa 3TOro0 HECOOTBETCTBHUSA, BO3MOXKHO, 3aKJIIOUYAETCS B TOM, YTO peajbHas AUHAMHKa
IUTa3MUJ] BOBJICKACT psf JAPYTMX IapaMeTpoB (HampuMmep, CpeaHHi pa3mep OakTepuallbHOM
KJIETKH), KOTOPbIE, U3MEHSSACh, TAKXKE BIUAIOT Ha CKOPOCTh CHUKEHHSI (YBEIMYEHHSI) CPEIHETO

YyCia KOMUM IMIa3MUAbl, HE BKIIOUEHHBIX B Mozenb (3.1.9). Hama monens (3.1.7) conepxur
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(EeHOMEHOIOTMYECKHI TapaMeTp T, KOTOPBIKA U BKJIIOYAET B ce0sl HEABHBIM 00pa30M Takue rmapa-
METpBI. 3aMeTUM, 4TO BbIOOp PyHKIIUU A(x) ~ T o0ecreynBaeT MPaBUILHOE CTAIlHOHAPHOE 3Ha-

YeHUe I CpeHEN KOMMMWHOCTH U BEPHYIO JMHAMUKY €€ n3MeHeHus (cM. puc. 3.1.2).

3Has Teneph, KaK AMHAMHUKA CPEIHEro YMCIIa MIa3Mua B MOMYISIUN MUKPOOPTaHU3MOB 3a-
BHCHUT OT MOJIEKYJSIPHOIO MEXaHMW3Ma KOHTPOJISI KOMMWHOCTH I1a3Muj (Ha mpuMepe Mia3Muibl
ColE1l), mMbl mpoaHanmu3upyeM IWHAMHKY OakTepuii, cojepxammx miasmuay pBR322 (ob6na-
natoryro cxonHbiM ¢ ColEl koHTposieM KOMMHWHOCTH) TPH JUIUTEILHOM KYJIHTUBUPOBAHUU B
XeMocCTare.

CHUKeHMe CeJIEKTHBHOIO MNpeuMylIecTBa OeCIIa3MHUAHBIX KJIETOK. MOJEKyIspHbIM
TeHETUKaM XOPOILO U3BECTEH 3KCIIEPHUMEHTAIBHBINA (DaKT CHIDKEHHS CEJICKTHBHOTO IpeuMyIlie-
cTBa OECIUIa3MHUIHBIX BapHAHTOB PEKOMOMHAHTHOIO IITaMMa IPHU UIMTEILHOM KYJIbTUBHPO-
BaHUU B HECENIEKTUBHBIX ycloBusX B xemoctare (Brownlie et al., 1990; Jones et al., 1980; Ile-
yypkuH #u ap., 1990; bpunbkoB u ap., 1990). Paccmotpum 310oT 3ddexT momoapodHee HA TaH-
HbIX (Jones et al., 1980). B 3Toii paboTe aBTOPBI OOHAPYKUIM BBICOKYIO CKOPOCTh JTMMHUHAIMH
IUTa3MUICOACPKAIIMX KJIETOK M3 XEMOCTaTa, €Clii HaudajbHas KyJIbTypa coJepkaja Majoe
(0.01%) umcno OecrurasMuaHBIX KieTok (cM. puc.3.1.5, xpuBas 1). CxopocTh 3IMMHUHALAN
MIa3MUACOAEpIKAILEro MTaMMa Obljla CHU)KEHA, €CJIM HayaJIbHBI MHOKYJIST He cofepxan Oec-
IUTa3MUAHBIX BapuaHTOB (puc.3.1.5, kpuBas 2a). B npOoTHBONOJIOXKHOCTh TaKOMY IOBEAEHUIO,
CTaHJapTHas MareMmarudeckas mojeinb JleBuna-Ctroapra (Stewart and Levin, 1977; cMm. rnaBy 1
U 4), mpeacka3blBaeT HEU3MEHHYIO CKOPOCTh CHIDKCHHMS YHWCHA IJIa3MHUJIHECYIIUX KIIETOK
(puc.3.1.5, kpuBas 26). OueBUIHO, 3TO CBsA3aHO C (pakToM, uTo Mojaenb JleBuna-CTroapTa onm-
CBIBAaCT IMHAMHKY TOJBKO JIBYX THUIIOB KJIETOK: OECIUIa3MHUIHBIX M KIIETOK C MaKCHMAJbHBIM
YHUCJIOM KOMUHM IJIa3MHUJbl, YTO aBTOMATHYECKH MpeAroyiaraeT HACaJbHbI KOHTPOJIb KOMHii-
HOCTH TIJIa3MUJ1, KOTOPBIii MTHOBEHHO U HEOOBIYaifHO TOYHO KOPPEKTHUPYET OTKIOHEHUS YHCIIa
KOMUH B KJIETKE OT HEKOTOPOTO 3aIaHHOTO CPEIHETO.

B peanbHOCTH, OIHAKO, KOHTPOJIb KOMMMHOCTH HE SBJISETCS WACATBHBIM JlaXKe B CIydae
HKCMOHEHIIMATFHOTO MEXaHW3Ma MHTHMOMPOBaHUA (HO Jake M TOYHBIM KOHTPOJb KOMUITHOCTH
NPUBOAUT K PACHpEACTCHUIO IIa3MHJ B TOIMYJISAIMA MUKPOOPTaHU3MOB, CM. CIE/. YacTh), a,
CJIEIOBATENbHO, OUOI02UYeCKY KOppeKmHds MOJENb JOJKHA yYUTHIBaTh BapHallUI0 YHCIA KO-
UM MIa3MUJbl B KJIIETKaX MUKpOOpraHu3moB. llocaencTBus Takoro “y4uTbiBaHUS pa3UTEIbHBI
(cM. pe3ynbTaThl I1aBbl 1 U 2), 4TO, BOPOYEM, HE YAUBUTEIHHO, T.K. KOMUIHHOCTD SIBJISIETCS BaXK-
HOU xapakTtepuctukoit miazmup (Paulsson & Ehrenberg, 1998; Summers, 1996; bpona, 1982).

I'maBHOE oTimume pacupeneiaennor moxenn (3.1.1 UTBIBAIONIEH “pPa3sHOKOIMUHOCTEL ILIa3-
, y4d
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MUJIHBIX IITaMMOB, 0T Mojenu JleBuHa-CTrO0apTa COCTOUT B TOM, YTO TTApaMeTPhl PEKOMOMHAHT-
HOTO MITaMMa B PacCHpeeICHHON MOJENH, KaK, HallpruMep, CKOPOCTh POCTa MOMYJISIIUYA U BEPO-
SATHOCTh 00pa30BaHUs OECIUIa3MUIHON KJICTKH IMPH JICICHUH, TETEPh 3aBUCAT OT YUCIIA KOTIHMA
Mj1asMuJabl Ha KJICTKY, U, CICAOBATCILHO, HC ABJIAIOTCA IMOCTOSAHHBIMU IMapaMCTpaMH KakK B CO-
cpenoroueHHor (Jlesnna-CtroapTa) mMojenu (MCKIOYast Caydai, KOT/a KOMHHHOCTH SIBIISETCS

MOCTOSTHHOM BETMYMHOM, 4TO MpakTudecku HepocTmxkuMo (Paulsson and Ehrenberg, 1998)).

100 e oo o °o o

50 | \ ~

20 t

10 | . \

copy number

.

0 20 40 60 80 0 20 a0 60 80
generations generations

Puc. 3.1.5. CHmWXeHHE CEIIEKTUBHOTO IMPEUMYIecTBa OeCIIa3MHUIHBIX BAapHUAHTOB ILIa3-
muacoaepxaniero (pBR322) pekoMOMHAHTHOTO MITaMMa MPH JUTUTSIIBHOM KYJIbTHUBUPOBAHUU B
HECEJICKTUBHBIX YCIIOBUSX B Xemocrtare (pacdetsl mo monenu (3.1.1)). Jleswrit rpaduk: 1 - pe-
3yJIbTaT KOHKYPEHIIMU OecIyIa3MUIHOTO BapuaHTa U UCXOIHOTO PeKOMOMHAHTHOIO IITaMMa Mpu
yycie KOMUM TUIa3MUIbl B KIETKax n =35 B Hadyalle KyJIbTUBUPOBAaHUs. B HauaabHbBII MOMEHT
Bpemern no6asieHo 0.01% Oecrma3zMUIHBIX M30TEHHBIX KJIETOK; 2a - 3aMEIICHHe UCXOIHOTO
mramMma OeCIUIa3MHUIHBIM BAPHAHTOM MU JUIMTEIBHOM KyIbTHBHpOBaHMU 1o Monenu (3.1.1),
206 - to xe no moxaenu JleBuna-Crroapta. IlpaBeiii rpaduk - u3MEeHEeHHE CpeIHero Yrcia KOMHii
MJIa3MUJIbI B TOMYJSIUU TIa3MujicoAepxkaniero mramma mno mozaenu (3.1.1). Bo Bcex pacuerax

nomaranocs: g1 =(1— B(i/n)" )-S/(1+5S), m=14, 25107 (puc. 2.2.3), D=025 wac’,
A =1pk iexp(~i/K) (SKCTIOHeHIHMANbHBIA MeXxaHu3M uHru6upoBanus), K =0.56, pk, =2.5
gac”, B =0.67. Touku - SKCTIepUMEHTATBHBIC fanHbIe 3 (Jones et al., 1980).

B peanbHOCTH KOMUHHOCTH ONPEACICHHON KIETKH (BIPOUYEM KaK M CPeIHEe YHUCIIO KO
MJIa3MHUIbl B TOMYJISIIUM  MUKPOOPTaHW3MOB) TIOCTOSIHHO TOJBEpKEHA CIOHTAHHBIM W3-
MEHEHUSIM, 00YCIOBIEHHBIM HETOYHOCTHIO KOHTPOJIS KOMMUUHOCTH PEIIMKALWU TJIa3MU/, CIIy-
YafHOCTBIO CeTperalyy IUIa3MUa NPy EJICHUH U psae APYyruxX (akTopoB, KOTOPHIE OUYEBUIHO
3aBUCAT OT YCJIOBHM KyJIbTHBHpOBaHUA. Hampumep, mepeHoc pacTymux OakTepwil W3 OXHOU
cpenst (LB) B apyryto (MunumansHass DM wnu M9), dacTo cBsi3aH C PsIIOM METaOOIHMYECKHUX
MEPECTPOEK, BEAYIIMX B YACTHOCTH K M3MEHEHUIO CPEIHUX pa3MEpoB KIIETOK U CpeaHeil Ko-
MUAHOCTU B MOMYJISIUU TutazMuacoaepxkamux mrammoB (Ileaypkun, 1978; Ileuypkun u ap.,

1990; [e6aboB u Jludmmum, 1988; Brendel & Perelson, 1993; Churchward et al., 1982; Davis et
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al., 1990; Lee & Bailey, 2000; Lin-Chao & Bremer, 1986; puc. 3.1.6).

Eciy MBI IpennosoxkuM, 4To CpeaHee Yuciio konui niuasMuasl pBR322 Ha knerky B mo-
My/SIEE GakTepuil MpH Ky/IbTHBHPOBAHKH B xemocrtate (D = 0.1 wac™) sBiseTcst HeGOMbIIIM
(cM. prc. 3.1.6), a B HHOKyIATHOI KybType (D =1.5—2 dac™') MOBBIMICHHBIM, TO 9TO MOXKET
OOBSICHUTh CHW)KCHHE CpelHed KONMMMHOCTU Tasmuabpl pBR322 B momynsamuu pekoMOMHAHT-
HOTO IITaMMa IpH JUIUTEIIbHOM KyJIbTUBHUPOBaHMU B XemocTtate, kak (Jones et al., 1980) u Ha-

omomanu (cm. puc. 2.2.3 u puc. 3.1.5).
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Puc. 3.1.6. Cpennssi konuiiHOCTh TuiazMuabel pBR322 B E.coli Br/A npu pocte Ha pas-
JUYHBIX cpeaax (T.e. ¢ pa3HOW MaKCHMAaJIbHOM CKOpPOCTHIO pocTta D). Uncmo KOmui BRIPAXKEHO
7100 B XpOMOCOMAJIbHOM JKBHBaJICHTE (KBajapaT) JIu0o Ha KieTKy (pom0O). J[aHHBIE B3STHI U3
pab6otsl (Lin-Chao and Bremer, 1986).

Takoe CHM)KEHHE MOXET OBITh CBSI3aHO KaK CO CHHKCHHEM CPETHETO pa3Mepa OakTepu-
aJBHBIX KIJIETOK MPH HU3KUX cKopocTax pocta (Akerlund et al., 1995; Churchward et al., 1982;
Donachie, 1968; Tyson and Hannsgen, 1985a; Tyson and Hannsgen, 1986), Tak u ¢ ycuieHueM
TPAHCKPUIIIINK UHTHOUTOpHOU MOseKysabl RNAI npu yBenuuennn Bpemenu reHepanuu (Atlung
et al., 1999; Keasling et al., 1995; Keasling and Palsson, 1989; Lin-Chao and Bremer, 1986; Lin-
Chao and Bremer, 1987). YuuteiBas 3ToT (DakT W mpesamnosiaras HEIHMHEHHYIO CBSI3b MEXKIY
yIIEeTHHON CKOPOCTBIO POCTA MOMYJISALUY MIa3MUIHECYIIUX OAKTepUil U KOMUIHHOCTHIO B KJIETKaX

,Lt(x)~ 1—px™ (cm. Beipakenue (2.1.6)), ¢ momoriso Maremarndeckoir moaenu (3.1.1) MbI mo-

MNBITAINCh ONUCATh TUHAMHKY CHUIKCHUS CpeI[Heﬁ KONUMHOCTH U YMCHBUICHU @paxul/m ias-
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MUCOJEPKAIIUX KJIETOK B MOMYJALMUN OaKTepHaATbHOTO LITaMMa MpPU AJUTEIIBHOM KYJIbTHBH-
pPOBaHHMHM B XeMOCTaTe Ha OCHOBE JaHHBIX (Jones et al., 1980).

Kax Bnpoyem Mbl 1 oxkuganu (cMm. puc. 3.1.7), matematudeckas moxaens (3.1.1) (a 3HauuT n
0000meHHas Mosenb (2.2.4)) TOCTaTOYHO TOYHO OMKCHIBAET U3MEHEHHUE CPEIHET0 YHCiia KOMUH
ma3mMuabl pPBR322 B momynsmuy miazMuicoaepKaniux 0akTepuil, Kak U ObUTO MOJTYyYeHO paHee
C ucnoib30BaHue pemieHus (2.2.17) npubnmkeHHOW HempepbiBHOW Momenmu (2.2.4) (cM. puc.
2.2.3)E|I/I ypaBHenwus (3.1.7) quckperHoit monenu (3.1.1).

Bonee Toro, nuHamMuueckas 3aMeHa UCXOTHO TOMOTCHHOTO TIa3MHUIHECYINEro MTaMma (WIH
CMEIIaHHON MOMYJISAIUU “TINIa3MUIHBIX-0€CTUIa3MUIHBIX KJIETOK) Ha OeCIIa3MHIHBIA BapHaHT
Tak)Ke MPOUCXOUT JOCTATOYHO OMU3KO K TUHAMHKE, MTPEICKA3bIBAEMON YHCICHHBIM PEIICHHEM
mozaenu (3.1.1). OTMeTuM, 4TO MBI TaK U HE CMOTJIHM JOCTUYBL TOTO K€ pe3yibTaTa ¢ MOMOIIBIO
monenb Jlepura-Crroapra (puc. 3.1.5, kpuBas 20) Mo npuarHaM, 0ObSICHEHHBIM BbIIIE. MBI Tak-
K€ HAIUTM UHTPUTYIOIINM, 4TO HauboJiee mpaBaomnooonas perpeccust moaenu (3.1.1) k qaHHBIM
(Jones et al., 1980) ocymecTBnsieTcst mpu m > 1, 4TO B MPUHIUIIE O3HAYAECT HEMTMHEHHYIO 3aBH-
CHUMOCTh “CTOMMOCTH’’ TUIa3MHJbI (CEJIEKTHUBHOTO KO3 (UIIMEeHTa peKOMOMHAHTHOTO HITaMMa)
OT KOMMMMHOCTU OaKTEepUaIbHBIX KJIETOK. DTOT pPe3yibTaT TAKXKE CIEAYeT U3 CIeAYIOIeH 1ernoy-
KM TIPOCTBIX paccykacHuil. CeneKTUBHBIA KO3PGUIIMEHT MPOMOPIHOHAIICH TAHTEHCY yriia Ha-

KJIOHA KPHBOM z B JIOrapu(MUUECKUX KOOPIMHATAX MpU z >>1, rie z = p—/p+ - OTHOLIECHHE

KOHLIEHTpALUU OECIUIa3MUIHBIX KJIETOK K KOHIEHTpAlUU IUIa3MUACOAEPKALIUX KIETOK (CM.
riaBy 4). OueHka celneKTUBHOro Kod(p(uIMeHTa B Hayajle U KOHIIE KyJbTUBUPOBAHMS JAET CO-
OTBETCTBEHHO 3Ha4eHus o, =~ 0.68 u o, = 0.09 (c usmenenuem «, /a, ~ 8). CpaBHeHUE U3Me-
HEHUs OTHOCUTEJLHON CpeHel KOMMHHOCTH (X, /X, ) JaeT OTHOLICHHE TPUOIM3UTEIHLHO PaB-
Hoe 5. TakuM 00pazom, CHIKEHHE KOMUIHOCTH B 5 pa3 MPUBOJIUT K CHUIKECHUIO CEIEKTUBHOTO
IPEUMYIIECTBA B § pa3s, CIEN0BATENBHO, T.K. X, /X, # O, /0, , 3ABUCHMOCTb CEJIEKTUBHOTO KOI(-

duIeHTa OT KOMUMHOCTH JTOJDKHA OBITh HETMHEWHOW, YTO M COOTBETCTBYET MOIYyYCHHOMY C
MOMOIUIbI0 MaTeMaTU4YecKor MoJienu BbiBoay. CyMMUPYS, MBI 3aKJII04YaeM, YTO MaTeMaTU4yecKas
mozenb (3.1.1) neficTBUTENEHO MOATBEPKAACT, YTO (DAKT CHIDKEHUS CEICKTHBHOTO MpEUMYIe-
cTBa OecIIa3MUAHBIX KJIETOK MPH IIUTEIbHOM KYJIbTUBUPOBAHUU PEKOMOWHAHTHBIX IITAMMOB
B XEMOCTAT€ €CTh MPSIMOE CJIEACTBUE YMEHBIIEHUS CPEAHEr0 KOJIMYECTBA KOMUM MiIa3Muabl (Ha

KJIETKY) B TOIYJIALIMA MUKPOOPTaHHU3MOB.

* Otmiune mapamerpa T (1=0.03 Ha puc. 2.2.3 BMecto 7=0.025 Ha puc. 3.1.5), cBA3aHO ¢ (HaKTOM, UTO perpeccus
(2.2.7) 6b11a ucnosp3oBana B mpubmmkeHnd =0 (cMm. puc. 2.2.4).
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3.2. AHaM3 TUCKPETHOM MOJIETU: CTAllMOHAPHBIE pacIpeCICHUs, OLIEHKA [TapaMeTPOB MO-

ACIIN U UX MMPUITIOKCHUC K CTa0MILHOCTH I1asMMa.

Ha HeckonbKUX mpuMepax Mbl MPOJIEMOHCTPUPOBANIN, YTO NMpHOMKeHHas moaenb (3.1.1)
JIOCTaTOYHO TOYHO OMHUCHIBAET KaK JMHAMMKY CPEIHErO YMCia KOMUM MIa3MUJIbI B MOMYJISIIIUH,
TaKk ¥ U3MEHEHWE YHUCICHHOCTH ((PpaKIuy) TUIa3MHICOACPKAMUX U OECIUIa3MHIHBIX KJIETOK
MIpU JUIMTEIILHOM KyJabTHBHpOoBaHuH. OMHAKO Tak Kak monenb (3.1.1) Takxke mpegHa3HaueHa U
JUTSL OTIMCAHUS TUHAMUKH pacnpeodeietiss KIETOK ¢ Pa3IndHON KOMUWHOCTBIO, B 3TON YaCTH MBI
MpoaHaIU3upyeM UHPOPMAINIO, KOTOPYIO MOXKHO MOJIYYUTh U3 3HAHUS CTaHI/IOHapHBI)JEI pacmpe-
JIEJICHUH, KOTOPBIe K HACTOSIIEMY BPEMEHU OBUIH JKCIIEPUMEHTAILHO OINpPEACNeHBI IS psiaa
mnasmua (Ayala-Sanmartin and Gomez-Eichelmann, 1989; Bailey et al., 1983; Lobner-Olesen,
1999; Srienc et al., 1986; Tseng et al., 1997).

CraunoHnapHblie pacnpenejeHus. M3MeHeHUEe CpeHEro 4uciia KOMUM TUIa3MHUIbI x(t) B
MOMYJSLUN TIa3MHUJICOACPKAITUX MUKPOOPTaHU3MOB MOTUUHsEeTCA ypaBHeHuto (3.1.5) u B cra-

[IUOHAPHOM COCTOSIHUU HaXOoAUTcs u3 ypaBHeHHUs (3.1.8), yTo B SBHOM BHUJIE BHIPAXKAETCS KaK:

n=KIn®), (3.2.1)
n=K(@-1), (3.2.2)

JUTSE SKCIOHEeHIManbHOTO (3.2.1) wnn runepbonmyeckoro (3.2.2) MEXaHU3MOB HHTUOMPOBAHUS C

0 = pk,, /D (cMm. Beipaxkenue (3.1.12)). Ucnonb3ys Mozens (3.1.2) 1 METO/ HAXOXKIAEHHS AUHA-

Muku cpeguux (3.1.3) - (3.1.4), nponeMOHCTPUPOBAHHBIN paHee Ha BBIYUCICHUM JUHAMHUKU

CpEIHEro urcia Konui B pacnpeneneHHon moaenu (3.1.1), Mpl HaX0IMM ypaBHEHHE Ha BTOPOM

MOMEHT U = Zi ?p, pacrpesieleHus TIa3MHJl B MUKPOOHOH IOy IsIHH:

1

)= 2 A p, )+ x(0)+2 it p, () u)), (3.1.3)

rae x(t) OTIMCBIBACT M3MEHEHHE CpeaHel KonuitHocTH. Tormaa Bapuarmonasiid ko3 dunuert CV

CTAIlMOHAPHOT'O PACIPENEICHUsI p,;, KOTOPBIH ONPEAeNseT OTHOCHTENIBHYIO “IIUPUHY’ pacipe-

5 W KBa3u-CTallMOHAPHBIX, €CIIN OBITH TOYHBIM.
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ACIICHHN, HAXOOUTCA U3 BBIPAXKCHUS:

i 2
; n- n

2 2 ~
NOo JU—n a P 1
cr=YO VTN _ Iy Pty (3.1.4)
n n
CTaI_[I/IOHapHOG pacnpeaciiCHUC KIICTOK B MONYJSIONUN C pa3JIMYHBIM YUCIIOM KONHUM MIa3-

MHIBI MBI [IOTydaeM u3 ypaHernst (3.1.2) mpu X =0, win:

A A
i+—— . =(+1)p,,, +—=p.,. 3.2.5
TD i ( )pl+1 TD pl—l ( )

Hanomunm, uto p, = X, /X (cm. mozens (3.1.2)). To, uto A, = 7pk,Q(i/K ), o3nauaer, uto
dymxuus A, /(zD) 3aBHCHT TONBKO OT JBYX COCTABHBIX MapameTpos O = pk, /D w K =&,k /k,

(cm. Beipaxkenust (3.1.12)-(3.1.13)). CnenoBarenbHO, onpeAessst CpeaHee YUCI0 KOMUNM 1 U AHC-

TIEPCUIO YHClia KOMUH MIa3MuABI 6~ (MM BapHalMOHHEN Kod(dumuent CV) B IKcIepuMeH-
TaJIbHOW MOMYJSIUK TUIA3MUJICOJIEPKAIINX MUKPOOPIaHU3MOB, MBI MOXEM OIPEAETUTh JBa
BaXXHBIX MapamMeTrpa: 6, xapaktepusyrommil 3¢(EeKTUBHOCTh MPOIecca PEITUKAIMN TIa3MUIbI
M0 CPABHEHUIO C YACTBHOW CKOPOCTHIO POCTA MOMYJISIIIAA MUKPOOPTaHU3MOB (UJTH, O0Jiee TOUHO,
YHUCJIO YCIEUTHBIX TpaHCKpumuidi Mosiekyasl RNAII ¢ ogHOM mima3smMuapl 3a KJIETOYHBINA ITUKIT) U
K, cBs3aHHBIH ¢ 3¢ (eKTUBHOCTRI0 HHrHOUpoBaHus npe-npaitmepa RNA Il uaru6éuroproit mo-
nekynoit RNA 1.

Jns HaxoxnaeHus koddduiuenta Bapuanuu C I)a, HaM TaK)Xe HeoOXOIUMO 3HAHHE CTa-

IIMOHAPHOTO pacHpeleNieHusl p,, 3aigaHHoro ypaBHeHueM (3.2.5). [TogpoOHble anrebpandeckue
pacyeThl MOKa3bIBAIOT, YTO JUISl IPOU3BOJIBHOTO A, CTallMOHApHOE pacrpesieliecHHe p, Ompeie-

JIAE€TCA BBIPAXKCHHUEM:

: (3.2.6)

6
v = Zizﬁi —n’ /n
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rlie KOHCTaHTa p, HaXOAUTCS U3 “HOPMHUPOBKHU” Zﬁi =1. CranuonapHsele pacrpeaeineHus Kie-
i=0

TOK C Pa3jM4YHbIM YHCJIOM IUIA3MUJ, PACCUMTAHHBIE B cOOTBETCTBUU C (3.2.6) ansa rumepOo-

JIMYECKOTO U SKCIIOHEHIIUAIBHOTO MEXaHU3MOB HHTMOMPOBAHUs, TPUBEICHBI Ha puc. 3.2.1.

0.2

x@1D

0.1

0 5 10 15 20 25 30

Puc. 3.2.1. CranmoHapHble pacnpeneseHus KJIETOK ¢ Pa3IWYHbIX YUCIOM KOMUU TIa3MUIbI
IIPU pa3HbIX MEXaHU3Max MHTMOWPOBAHUS PEIUIMKAIMH IUIa3MHUJ B COOTBETCTBHH C PEIICHHUEM
(3.2.6) nmpubamxeHHo Maremarnuecko moaenu (3.1.1). 1- sKCOHEHIMAIBHBI MEXaHU3M HH-
ruOMpoBaHus, 2- TOXe B TouHON Mozenu (2.1.3), 3 - runepOoIMYecKuii MEXaHU3M HHTUOUPOBa-
Hus.n =15, 6 =100, K naxoaurcs u3 ypasHenui (3.2.1)-(3.2.2).

Kak Bmpoyem Mbl U 0XHJIaIH, AUCIIEPCHUS CTALIMOHAPHOIO pacrpeiesieHusl MpU HKCIIOHEH-
[MUATPHOM HHTUOMPOBAHUU OKa3allaCh TOpas3i0 MEHBINE, YeM TpHU TUIEePOOTHYEcKOM (pHC.
3.2.1). DToT pe3yabTaT, TAKUM 00pa3oM, B OYEpPETHON pa3 MOATBEPXKIACT YBEITWUYCHHYIO CTa-
OMIILHOCTP TUTA3MUJI C YKCIIOHEHIIMATLHBIM MEXaHU3MOM MHTUOUPOBAHUS, KOTOPasi B OCHOBHOM
CBs3aHa C MaJiol aucriepcuel cranmronapHoro pacnpeneneHus (Paulsson and Ehrenberg, 1998;
Summers, 1996). B nonoxHenne 0TMETHM, 4TO MPH JTOCTATOYHO OOJIBIION CpeaHEeH KOMMHHOCTH
(ma puc. 3.2.1 n=15) cranmonapuoe pacrpezaenenue (3) mpu runepOoOTUIECCKOM MEXaHU3ME HH-

ruOMpoOBaHUS COBNAJACT C TEOPETHUECKH TIpe[CcCKa3blBaeMbiM pacrpeaencHuem [lyaccona
ni
p; = Texp(— n) (cMm. BeIpaxenue (2.1.10)) a, caenoBaTenbHO, HE 3aBUCHT OT 6.
i!
C npyroii ctoponsl, pactupenenenue (1) Ha puc. 3.2.1, BerancnsieMoe B MpUOITIKEHHOW MO-
nenu (3.1.1) npu 5KCIOHEHIMAIBHOM MEXaHU3Me MHTMOMPOBAHUS PEIUIMKAINY T1a3MU, OTIH-

qaercs OT mpejackasanus TouHoi mozaenu (2.1.3), nuzobpaxenHoro Ha puc. 3.2.1 (kpusas (2)),
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KoTopoe npu 6 >>1 maercs OMHOMUHAIBHBIM pacnpeneneHueM (2.1.4). OueBHIHO 3TO CBS3aHO
C T€M, YTO TOYHAs MOJIENIb HE YYUTHIBAET CKOPOCTU PEIUIMKAIMH IJIa3MUJ B KJIETKE, KOTopas
BO3pacTaeT MHOTOKpaTHO Tpu Oompmux 6. Eciam CKOpPOCTh perumMKaIy IIa3Muj] BeIuKa
(6 >>1), TO B CTalUOHAPHOM COCTOSTHUU OYyJEeT MHOTO KJIETOK C KOMHHHOCTBHIO, OJIM3KOW K
CpenHel, U eUHUIIBI C KOMMIHOCTEIO 0OoJIbIe (MEHBIIE) CPEHEH, YTO MBI M HAOIIOIaeM Ha PHC.
3.2.1. Takum oOpa3oM MBI 3aKiIrO4YaeM, 4To NMpuommkeHHas moaenb (3.1.1) onuceiBaeT Habo-
Odaemoe paclpeieNiecHne KIETOK C Pa3IMYHBIM YUCIIOM KOMH, a CIeI0BATEIBHO CTAIlHOHAPHOE
pacnpenenenue (3.2.6), OCHOBaHHOE Ha MPUOIMKEHHOW MOJIEIH, MOXKET ObITh MMPUMEHEHO IS
OIICHKH TapaMeTpoB IUIA3MUACOACPKAIMUX IMTAMMOB MUKPOOPTaHU3MOB in Vivo, K KOTOpPOHl ¢
nmomoInbio Beipakenui (3.2.1), (3.2.2), (3.2.4) u (3.2.6) MbI OKOHYATEITHHO TOTOBBI IPUCTYITUTD.

Onenka nmapamMeTpoB ILUIa3MHIHeCYIMX OakTepuil in vivo. Perynauus KOHTPOJS KO-
nuiiHoctd 1wiasMug R1 m ColEl Obima m3ydeHa IOCTATOYHO NETATbHO B Psiie AKCIICPUMEH-
TaJIBHBIX pabOT, B OCHOBHOM Tpynnamu o pykoBojctBoM K. Hopactpoma (R1) u 1. Tomu3zaBsl
(ColEl) (Nordstrom et al., 1984; Summers, 1996; Tomizawa, 1990b), u cymmupoBano B (Actis
et al., 1998; Summers, 1996).

0.25 4
n=34
o =10.36
0.2 4
o\ o
*
0.15 4
5
0.1+
*
0.05 4
o o o
0 : : : : : . * oo
0 10 20 30 40 50 60 70 80
KONMUWHOCTb

Puc. 3.2.2. CtaumoHapHO€ pacupeaesieHUe KIETOK C Pa3IMYHbIM YUCIOM KOMUHN TIa3MHU/IbI.
O6paborano u3 manHbIx (Ayala-Sanmartin and Gomez-Eichelmann, 1989). Touku- skcnepu-
MEHTAJIbHbIE JIaHHbIE, HEMpEepbIBHAS KpUBas - HOpMaibHOe pacnpezeneHue. CpenHss KOMHii-
HOCTb n =34, cranaapTHoe oTkiIoHeHue o =10.36 (CV =0.31).

MHorre KMHETHYECKHEe MapaMeTpbl KOHTpoJs perumkanuu iazMuasl ColE1 Oputm ompe-

JIEJICHBI KaK dKcnepuMenTanbHo (Brenner and Tomizawa, 1991), tak u teoperndecku (Brendel
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and Perelson, 1993; Perelson and Brendel, 1989). 1 xo1st 60JBIIMHCTBO 3TUX padbOT OBLIO MPO-
BEJICHO in Vitro, y Hac HET OCOOBIX OCHOBaHHH Mojararb, YTO in Vivo MapaMmeTpbl OTIMYAIOTCS
3HAYUTEJILHO OT IMapaMeTpoB, U3MEpeHHBIX in vitro (Atlung et al., 1999; Summers, 1996). Tem
HE MEHee, UCMOJIb3ysl U3BECTHBIC CTAI[MOHAPHBIE PACIPENeSICHHs KIETOK C Pa3IMYHBIM YUCIIOM
kormit Tasmuabl (Ayala-Sanmartin and Gomez-Eichelmann, 1989; Lobner-Olesen, 1999) mbr
OIICHUM 0CO00 BaXKHBIH MmapameTp 6, U CpaBHUM €0 CO 3HAUCHUSIMU, U3MEPSIHHBIMU PaHEe.

Jns oroii menum (OneHKW mapametrpa 6 ), Mbl HCHOJB3yeM JBa HabOopa naHHBIX (Ayala-
Sanmartin and Gomez-Eichelmann, 1989) u (Lobner-Olesen, 1999), n300pakeHHbIX Ha pHC.
3.2.2 u puc. 3.2.3. Tak Kak BCE YpaBHEHHs, ONMCHIBAIOLIUE CTALlMOHAPHOE PACHpPENCIICHUs U
LEHTpaJIbHbIE MOMEHTHI B OOIEM Cllyyae SIBJISIOTCSA CYIIECTBEHHO HEIMHEHHBIMHU, MBI MpUMe-

HUM IPOCTEUIINI aNrOpUTM JIs pacdeTa napamerpos 0 u K.

300

Yuciio KIETOK

Puc. 3.2.3. CrauroHapHoe pacrpeaeieHrue KIETOK ¢ Pa3IudyHOW KOMUHHOCTBIO TUIa3MUIbI
(u3mepsHHOE 10 QuiyopecueHuuu nporenHa GFP) B momymsiuu mia3mMuicoaepKamux MUKPO-
opranu3moB (u3 (Lobner-Olesen, 1999)). 3akpamennoe pacnpezaenenue - miazmuaa F, Henpe-
peiBHas uHUSA - R1, cepas - pSC101, mrpuxoBannas - P1AincA, mynkrupnas - p15A, mrpux-
nyHKTUpHas - pBR322.

Berunciienyst poBOAATCS IO CIeAyrolen cxeme. /st U3BECTHOM CpelHeld KONUWHOCTU 1
(koTOpasi OIEHMBACTCS W3 DKCIIEPUMEHTAILHOTO PACIPECIICHHs]) Mbl BBHIOMpaeM HEKOTOpPOe
npou3BonbHOE 3HaueHue O (0 > 1) U BHUMCIAEM COOTBETCTBYIOIIYIO KOHCTAHTY HHTHOHPOBAHHUS
K = n/ln(@) (111 DKCIIOHEHIMATHLHOrO WMHrHOMpoBanus) win K = n/ (9 —1) (mmst  runep-
Oommueckoro). CreayronmM maroM U3 U3BeCTHBIX 6,7, K MbI pPaCCUMTHIBAEM TEOPETUYECKOE

CTaIlMOHAPHOE pachpeneseHue KIETOK ¢ Pa3InYHbIM YUCIOM KOmui miasmMuab! (3.2.6) u coot-

BETCTBEHHO OIICHMBAaeM BapHaluoHHbIH ko3 dunment CV (aubo u3 Bbipaxenus (3.2.4), mbo
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npsimo u3 pacnpenenenus (3.2.6)). Eciu nonydennsiii koaddumuent CV Menbie (60bIme) on-
PENeeHHOr0 SKCIIEPUMEHTALHO, MBI YMEHbIIaeM (yBeIHurMBaeM) 3HaueHHe 6 Ha KOHCTAHTy U
onATh BhluucisieM CV 1o TOM ke cxeMe. JTa mpoleaypa MOBTOPSETCS MOKa TEOPETHUYECKOE U
AKCIIEpUMEHTANIbHOE 3HaUYeHUs KodddummenTa Bapuanuii CV He coBnaayT. 3Ha4ueHue O, mpu Ko-
TOPOM 3TO MPOU3OUJET, U SABJISAETCS UCKOMBIM MapaMeTpoM. Torja KoHCTaHTa K BbIUUCISIETCS
cornacHo ypaBHeHusM (3.2.1) - (3.2.2), uTo u 3aBepLIaeT ONpeAeSeHUs] TPEX OCHOBHBIX Iapa-
MeTpoB 6,1, K . Pe3ynbrarel Mog0OHBIX pacyeToB AJIs JaHHBIX, H300paKeHHBIX Ha puc. 3.2.2 -
3.2.3, cymmupoBansl B Tabm. 3.2.1.

Kak BugHO u3 Tabn. 3.2.1, mapameTrp O, OLIEHEHHBIN in Vivo W3 CTAIMOHAPHBIX pacrpese-
JICHUH, OKa3ajcsi JOCTATOYHO OJIM3KUM K enHHnueE! 3T0, B 4aCTHOCTH, O3HAYAET, YTO CKOPOCTh
PEIUTMKAIIMK TUTa3MUJ] SIBJISIETCS TOPSAKAa CKOPOCTH ‘‘pa3OaBiieHHs” TUTa3MUJ W3-3a JCIICHHS
IUIA3MUJICOAEPIKAILUX KIETOK, T.e. pk, ~ D . JIpyruMu cioBaMH, CPEIHEE YUCIIO PEIIHKALUU
IUIa3MUAbl 32 OJHO KJIETOYHOE JEJICHHE paBHSETCS OAHOMY (C JOCTATOYHO OOJBIION AMCIIEp-
cueil). CpaBHEeHHUE C JTaHHBIMHU, MTOJydeHHBIMU B pabote (Brenner and Tomizawa, 1991), noka-
3bIBAET, YTO Hallla OlIEHKAa, OCHOBAaHHAs Ha aHaJM3€ CTAllMOHAPHBIX PACHpPEICIICHUH, SBISETCS
3HAQUMTENBHO 3aHWKEHHON: 0 = pk, /D <2, torna Kak 3Hadenus in vitro: k, /D >3. K co-
’KAJICHUIO Mbl HE 3HAaeM, YeM 3Ta pa3HUIla MOKET OBITh BbI3BaHA, a 37€Ch MPEAJIOKUM OJHO U3

BO3MOYHBIX O0OBACHECHU.

(Ayala-Sanmartin, 1989) | (Lobner-Olesen, 1999), | (Brenner and Tomizawa, 1991)
plO1 pBR322 pNT205
N 33.70 £2.77 42.80 15
crv 0.31+£0.04 0.46 -
0 1.48 £0.08 1.25 3-20 (k,/D)
K 80.02 £10.33 152.37 -

Tabmuua 3.2.1. I3MepeHHble in vivo apaMeTpbl CTALlMOHAPHBIX paclpe/ielleHuil KIETOK ¢
Pa3IMYHON KONMUHHOCTBIO (n,C V) U TnapaMeTpsbl, oneHeHHble 3 moaenu (3.1.1) ¢ ucnomas3o-

BaHHWEM SKCIIOHEHIIMAIILHOTO MEXaHW3Ma HHTUOMPOBAHUS PEIUTHKAIUHU TJIa3MU]] (O,K ) Bce
PacCMOTpPEHHBIE IIA3MUIBI 00JIAAA0T CXOIHBIM KOHTPOJEM KonuitHOCTH Tuia3muabl ColEl.

! npu o<1 IIasMuabl HE 6yI[yT NOAACPIKMBATHCA B NOIMYJIAINN MUKPOOPTAaHU3MOB M3-3a HCAOPCIIJIMKAUHA, U, B
KOHIIC KOHIIOB, MOTCPAOTCA IMPU JJIMTCIIBHOM KYJIbTUBUPOBAaHUU.
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JLyist 3TOTO BCIOMHUM (pu3nuecKuii cMbicn KoHeTauThl 6. [Tapamerp 6 = pk,, /D - 310 uncio
ycnewnblx PeIUIMKALUM IIa3MHJIbI 38 KIETOYHBIM LUK, Tae Kk, - CKOPOCTb MHUIMAIUK TPaHC-
kpunuuu RNAIL, p - BeposSATHOCTh TOTO, UTO MOJIHOLICHHBIN MpenpaimMep NPUBEAET K PeIIhKa-

WU TUIa3MHUIIBI U D- CKOPOCTh POCTa MOMYJSIUNA MUKPOOPTaHU3MOB. DKCIIEPUMEHTAILHO KOH-
CTaHTBI k, U D U3MepsI0TCs 10CTaTOYHO JIETKO, TOrJa Kak p HeT. bosee Toro, kak pa3 oTHoIe-
uue k,/D wuacto paccmarpuBaetcs Kak 3()QEKTUBHOCTh peIUTMKanuy IuiasMui. Hampumep,
Bbpennep u Tomu3zaBa orneHuau 3TOT napameTp paBHbiid 6 (Brenner and Tomizawa, 1991).

CHmxenue 3pPeKTUBHOCTH PEIUIMKALMY IIJ1a3MUJ] Yepe3 YMEHbBIICHUE P MOXKET ObITh BO3-
MO>KHBIM MEXaHHU3MOM Ha0JF01aeMOT0 AUCIIEPCHOTO pachpeenenue npu Manbix 0 (puc. 3.2.2 u
puc. 3.2.3). OnHo# U3 NpUYMH CHIDKEHHS 3(PPEKTUBHOCTH PEIUTUKAINY TJIa3MUJL [IPH KYJIbTHU-
BUPOBAHUU in vivo Bo3MoxkHa KOHKypeHuus mexay PHK u JJHK monumepasamu npu ogHOBpe-
MEHHOW TPAHCKPHIIIIMH U PETUTUKALNN TUTa3MUIHBIX TeHOB. T0, 4TO MPU YCUIICHHOUN KCIIPECCHUU
IUIa3MUAHBIX T€HOB CTa0MIIBHOCTH JIa3MUJ U YacTO KOMMMMHOCTh YMEHBIIAIOTCS, ObLJI0O OOHApY-
JKEHO B HECKOJBKUX IKCIEPUMEHTATBHBIX padOTax, HO TaK U HE MOJIYYHJIO IIUPOKOTO Pacipo-
crpanenus (Bentley et al., 1990; Bugeja et al., 1989; Duetz and van Andel, 1991; Duetz et al.,
1991; Lee and Edlin, 1985; Nguyen et al., 1989; Stueber and Bujard, 1982). Hanpumep, xak mo-
Ka3bIBaeT aHayim3 naHHbIX (Wouters et al., 1980) ¢ momomsto Mmaremaruaeckoit moaenu (3.1.1),
9TOT 3P PeKT AEHCTBUTEILHO MOXKET BECTH K CHIDKEHUIO CTa0MIIBHOCTH IIa3MUICOCPIKAIINX
[ITAMMOB TP JJIUTEIHHOM KYJIbTHUBHUPOBAHUU B Xe€MoOcCTaTe, o0ecreurBas TakuM o0pa3oM Ma-
JIOCTh MapameTpa 6 U BBICOKYIO AMCIIEPCHOCTh CTAIMOHAPHOIO pacHpelesieHHs KIETOK ¢ pas-
JMYHOU KOMMUHOCTBIO. [lonmyueHHble olleHKH Ha mapameTpsl O u K, TakuM o0pa3oMm, IpeacTaB-
JSAI0T MUHUMAJIbHO BO3MOJKHBbIE 3HaueHus A Iuasmuasl pBR322. Taxke npennomnaras
k, /D =10 (Brenner and Tomizawa, 1991), MbI OlleHHBaeM BEPOATHOCTH (3()PEKTUBHOCTE) pe-
IJIMKAKUK 11a3mMug paBHod p = 0.1-0.15, o3Hauaromuii, YT0 TOJIBKO OJUH-ABA MOJTHOLEHHBIX
npaitmepa s JIHK monmumepasst u3z 10, 00pa3oBaHHBIX Ha TUIa3MHUJIe, BEAYT K YCICIIHON per-
JTUKAIUU.

AJbTepHATUBHBIM (M BO3MOYKHO TaK)K€ BEPHBIM) OOBSICHEHUEM MOXET SBJIATHCS (PaKT TOTO,
9TO TapaMeTpbl peKOMOMHAHTHBIX IITAMMOB HE SIBIISIOTCS MOCTOSIHHBIMH, B IIPOTUBOpEUYHE Ha-
IIUM TIEPBOHAYATBHBIM ““MOJICTLHBIM ™ TPEIOJIOKEHUSM, T/I€ Mbl TAK)Ke MPEHEOPETIIN CYIEeCT-
BEHHOU BaprabOeIbHOCTHIO KJIETOK MHKPOOPTaHH3MOB, KOTOPBIE MOTYT Pa3IM4YaThCs MO PSIy
MIPU3HAKOB- pa3Mepy, BeCy, COCTaBy MPOTEUHOB U T.Ml. DTU YIPOUICHHS] BO3MOXHO U SIBJISIOTCS

MPUYMHOM CTOJIh HU3KOM OLICHKH TSI 3P (EKTHBHOCTH PEIUTUKAIIIH Tu1a3Mu/l 6.
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Bbonee Toro, TmarenpHbIi aHanmmu3 naHHbIX (Lobner-Olesen, 1999) u muorux apyrux (Bailey
et al., 1983; Srienc et al., 1986; Tseng et al., 1997) noka3beiBaeT, 4T0 KpoMe BBEICOKOW TUCTIEPCUU
CTaIlOHAPHBIX paclpeaeseHuil, BEpHON ISl HOJABJISIONIEr0 OOJBIIMHCTBA TaHHBIX U U3MEPSIH-
HBIX Pa3TMYHBIMH METOJAMHU, BCE U3BECTHBIE IKCIIEPUMEHTAIBHBIC PACTIPEACTICHUS HE SBISIOTCS
HOpPMaJIbHBIMU (T.€. HOPMAaJIbHO pacCIpeAC/IiCHHBIMH), a CKOpee JIOT-HOPMaJIbHBIMUA (CM.
puc.3.2.3). B nmporuBopedne 3TuM HaOIIOIEHUSM, TTPOCTast MaTeMarnueckas mozens (3.1.1), kak
BIIPOYEM M BCE MOJEIHU, IPEJIOKEHHbIE K HACTOSIIEMY BPEMEHH, MPEICKa3bIBa€T CUMMETPUY-
HOE CTallMOHAPHOE paclpeAeieHUe KIETOK C pa3InyHONW KONMUHHOCThIO (cM. puc. 3.2.1). Takoe
MPUHIUITHATIEHOE Pa3Inyue 10 CUX Mop He nomxyqmio oomero oobsacaerus (K. Nordstrom, nep-
COHAJIbHOE COOOIICHME), XOTS Psi/i YACTHUHBIX 00BsICHEHUH ObLTO mpeuiokeHo. Hampumep, Ha-
Ju4ue reHa copB B coctaBe miuazMuabsl R1 MpUBOAUT K YBEIMUEHHUIO CKOPOCTU PEIUIMKALIUU
TUTa3MUJ IPU HATHMYUU 1-2 KOMHIA MIa3MHUJIBI HA KJIETKY, YTO B CBOKO OUYEpeIh BEJCT K yMEHbIIIe-
HUIO Gpakiuu KIeTok ¢ HUu3kuM conaepxkanuem miaasmuanon JJHK (K. Nordstrom, mepconaib-
HOE COOOIIEHNE), U YTO, COOTBETCTBEHHO, PUBOIUT K HECUMMETPUYHOCTH pacIpe/ieieHus Kiie-
TOK C PAa3JIMYHBIM YHUCIIOM IUIa3MHJA. DTOT MEXaHU3M, OJTHAKO, HE OOBSICHIET HAIUYUS KIIETOK C
HEOOBIKHOBEHHO BBICOKOM KOMMWHOCTBIO. MBI monaraeM, 4to Apyrod 3¢(eKkT MOXKET Takxke
OBITh OTBETCTBEHEH 3a TaKyl0 HEOOBIYHOCTH CTALlMOHAPHOTO pACIpe/ieieHUs KIETOK C pa3ind-
HOW KOMHMIHOCTBIO IUIA3MUJIBI, 3 MMEHHO HAIMYUE KIETOK MUKPOOPTaHW3MOB C Pa3HBIMH KJle-
TOYHBIMH 00bEMaMHU.

Pacnipenenenue kneTok (Kak MPOKAPUOTHYECKHUX, TaK M DYKAPUOTHUYECKUX) IO pa3Mepam,
KOTOpPO€ MOKET OBIThb U3MEPSHO C HCIIOJIb30BAHMEM MPOTOYHOM LUTOMETPUH, OBLIO SKCIIEPH-
MEHTaJbHO HaiiieHo B 60-X; Hanbojee TOYHO TaKOEe paclpeieIeHue ONMUCHIBACTCS KaK JIOT-HOP-
mansHoe (Harvey et al., 1967). IToctpoenue npoctbix (Donachie, 1968) u 10cTaTOYHO CIIOKHBIN
matemarnueckux mogenei (Tyson, 1989; Tyson and Diekmann, 1986; Tyson and Hannsgen,
1985a; Tyson and Hannsgen, 1985b; Tyson and Hannsgen, 1986) He TOJIBKO MO3BOJIMIIO MPOJEC-
MOHCTPUPOBATH OJHO3HAYHYIO CBSI3b MEXKY CKOPOCTBIO POCTA MOMYIISIUA MUKPOOPTAaHU3MOB U
CpPEIHUM pa3MEpOM PaCTYIIHUX KJIETOK, HO U MOKa3aTh, YTO “JTOr-HOPMAJIBHOCTh~ CTAllHOHAPHOTO
pacripesiesieHus] KIETOK C pa3IMyHbIM 00BEMOM (Maccoil) ecTh IpsSMOE CIEJICTBHE COCIUHEHHS
CTOXacTHUYECKOro KierouHoro 1ukia (Brooks et al., 1980; Smith and Martin, 1973) u npomecca
HKCIOHEHIMAJIBHOTO POCTa OakTepualbHOM (WM sykapuoTuueckoit) kinetku (Harvey et al.,
1967; Kubitschek, 1986). Takum oOpa3om, Bapualiiis BpeMEHH JIeJICHUS KJIETOK MPUBOJUT K Ha-
TUYU0 (MPUYEeM CTa0MIIBHOMY) KJIETOK ¢ paznudabiM oO0bemoM (Tyson and Hannsgen, 1985a).

DKCIEPUMEHTATBFHO W3MEPEHHBIM KOA(D(PUIIMEHT BapHaluil Il TaKOTO poja pacipeneieHus
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“pa3zHooObeMHBIX” Ki1eTOK cocTaBiseT 20-50% (Harvey et al., 1967; Lobner-Olesen, 1999), uto,
CJIEIOBATENLHO, TOJDKHO ObITh yuTeHo B Monenw (3.1.1). Ho kax ob6vem baxkmepuanbHOU KiemKu
CBA3AH C YUCTIOM KONULL NIA3MUObL 8 IMOLL KllemKe?

YToOBl OTBETUTH HA ATOT BOMPOC, BCTIOMHUM KaK TIa3MHJIbI PETYIHPYIOT CBOIO KOMMUWHOCTH
(4TO MBI PaCCMOTPHUM Ha MPHUMEpPE HETaTUBHOTO KOHTPOJISI KOMUHHOCTH). Perukanus mia3mu-
JIbI OCYIIECTBIISIETCS B OCHOBHOM C IMOMOIIBIO cis-AeicTBytomero nporenHa (mwim RNA, kak B
cayqae tuazmun pBR322 um ColEl), yacto Ha3biBaeMOro rep-pOTEMHOM, KOTOPBIA CHH-
Te3upyercsi ¢ moctosiHHOM ckopocThio (ColEl) mubo perymupyercs (R1) (Summers, 1996). C
JIPYroil CTOPOHBI, yCIHEIIHas PerUIMKalus MIa3Mubl HHTUOMPYETCS aHTUCEHCHBIMU frans-Ieil-
CTBYIOIIMMHU MOJIEKYJIaMH, MpeumyiiecTBeHHO RNAS, KOTopbie OOBIYHO TPOU3BOASTCS C TO-
CTOSTHHOM CKOpocThio (Summers, 1996). CienoBaTeabHO PETUIMKAIUS ONPEACICHHON TUIa3MUIbI
OTIpeieNAeTCs JTOKAIbHON KOHIIGHTpalrel KaK peruIMIUpPYIOIIEro Oejika Tak ¥ MHTHOMTOPHOM
Mosiekybl. KoHlleHTpanus, Kak M3BeCTHO U3 Kypca (U3MKH, OMpPENesieTcs YUCIOM MOJIEKYN B
KIIETKe, JeTIeHHOEe Ha ee 00beM. Toraa B OOJNBIION KJIETKE ¢ MaIbIM (Ha4aIbHBIM) YUCIOM KOITUH
IUIa3MUAbI, JIOKaJdbHAs KOHILEHTpalus HHruouTopa Oyner Majod (YHCIO MOJEKYd ~ YHCIY
MTa3MU), TOTJIAa KaK JIOKAIbHAs KOHIICHTpAIUs rep-0enka, crnenuGuaHoro Kk KOHKPETHOU TuIa3-
Muje, OyAeT MPUMEPHO TOCTOSHHOW (M3-3a Cis-IECHCTBYIOIIETO MEXaHW3Ma). DTO pas3linuue B
KOHIICHTPALUAX UHIHOUTOPA U “rep-MpoTenHA’” B KOHIIE KOHIIOB IIPUBEET K YBEITUUYCHUIO YHCIIA
KONUM IIa3Mubl B KJIeTKe ¢ OonbmuM oObeMoM. [TogoOHBIH aprymMeHT MoKa3bIBaeT, uyTo B
KJIETKE C MaJeHbKUM OOBEMOM YHCIIO IJIa3MHUJ HE OyAeT yBEIWYHBATHCS B OCHOBHOM H3-32
YBEJIMYEHHOW JIOKAJIIbHOM KOHIIEHTPAllMd AHTUCEHCHOW MOJIEKYyJbl. CyMMHpYs, Mbl TOJIY4aeM,
YTO KJIETKH B MOMYJISIIIMM MUKPOOPTAHU3MOB, 00Ja/aloliue CPAaBHUTEIBHO HEOONBIIUM O0Be-
MOM, OyAyT coliep:KaTh OTHOCHTEIBbHO Majoe YMCIO TUIa3MHJ, TOT/a KaK KIETKH ¢ OONbIINM
00BEMOM MOTYT YBEIHUYUTH KOMUWHOCTH 10 IKCTpEeMalbHBIX 3HadeHWil. To, 4To yBenudeHue
o0bemMa KJIETOK BeleT K YBEIMYEHHUIO CPEAHEH KOMMMHOCTH, B YAaCTHOCTU OTPAXKEHO Ha pHC.
3.1.6, rae yBenMueHHE YMCIia KOMHH MIa3MHU/IbI/KIETKY CBSI3aHO C YBEJIMUEHHEM CpPEIHEro 00be-
Ma OakrepuanbpHoro mramma (Churchward et al., 1982). MoxeT i1 3TOT MeXaHU3M OOBSICHUTH
HECUMMETPUYHOCTh PACTIPEICIICHHS KJIETOK C PA3IMYHBIM YUCIOM KOMUHN IJIa3MUAbI U UMEET JIU
CMBICJI 3TOT MPOCTOM BepOaIbHBIN apryMeHT? [Ipoananusupyem 3Ty THIIOTE3y ¢ TOMOIIBIO MPO-
CTEUIIIE MaTEMATUYECKOW MOJIEIIH.

[lycth cTammoHapHOe pacmpenesieHHe KJIETOK C Pa3InyHOM KONMUMHOCTHIO (YCJIOBHasl Be-
POSITHOCTh OOHAPYKUTH KIIETKY C i MJIa3MUIaMH MPU KIETOYHOM OO0BEME V) OMUCKHIBACTCS pac-

npexnenenuemM [lyaccona (3to BepHo st ColEl npu rumepOonnyeckoM MeXaHW3Me HHTHOUPO-
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Banus 1 Buaumo g R1 (Nordstrom et al., 1984; Paulsson et al., 1998)), nanHOe BbIpakeHHEM

(2.1.11) nnn

£019)= exptn) = B expi-) (.27)

1. 1.

I7Ie n - CpellHee YMCIIO KOMUH IMIa3MUIbl B MOIMYJIALUA MUKPOOPTaHU3MOB, V - 00BEM KIIETKH
(MBI TIPENITOJIOKUITN JTUHEHHYIO CBSI3b MEXAYy 00BEMOM KIIETKH M CpeIHEH KOMUHWHOCTBIO), ¥ -

K03 puuMEeHT mponopuuoHanbHocTH. Pacnpenenenue f, (i | vo) HKBUBAJICHTHO PacIpeIeIeHUIO

KJIETOK C Pa3JUYHBIM YMCIOM KOMUH MIa3MUIbl, U300pakeHHoe Ha puc. 3.2.1, mpu yCIOBUH YTO

BC€ KIIETKHU o6naz[a10T NACHTUYHbBIM 00BeEMOM Vo - HYCTB TCICPh KaXKaasad KJICETKa MOXET NMETh

paSHBIﬁ 06I:CM, 3aIaHHBIM INIOTHOCTBIO BEPOATHOCTU B BUJC TraMMa PACTIPCACIICHUA:

: (3.2.8)

2 -~
I7ie vV, COOTBETCTBYET CpelHEMY 00beMy U O~ - qucrepcus o0bemMa B MUKPOOHOM MOMyJIsLUY.

Msl BbIOpasi ramMma pacnpeziesieHHe, Tak Kak OHO Hauboiiee MPOCTO M TOYHO OTPaXkaeT JIOor-
HOPMAaJIbHOCTh paclpeesieHHs KJIETOK ¢ pa3iuyHbIMU paszMmepamu (Anderson et al., 2000; Tyson
and Hannsgen, 1985a). Torna rabarwoaemoe cTanmoHapHOE pacrpeaesieHne KIETOK C pa3ind-

HBIM YHCJIOM KOITHH I1asMH bl B IOMMYJISINUN MUKPOOPTaHU3MOB OACTCA CHGI[yIOLLICfI CBepTKOfI:

N T _F(i+b2). yia”
f(l)—z!.fo(llv)l?(v)dv— 1) Gea™ (3.2.9)

TAe a=yv, / 0’ u b=v,/0. D10 pacnpejiesieHHe MOXKET ObITh OYEHb AUCIEPCHBIM (CM. PHC.

3.2.4) npu 6onpmmx o . Hanpumep, npu v, = G MbI HaX0JAUM

fl)=———= (3.2.10)
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IA€ n =, - CPEIHAS KONUHUHOCTh B NOMYJSALIMA MUKpOoOpraHusmoB. Beipaxkenue (3.2.10) mo-

Ka3bIBAET, YTO XOTS M CPEIHSsI KOMMMUHOCTh HE M3MEHseTCs pu Tpanchopmanuu (3.2.9), awuc-
2

nepcus pacnpenenenus (3.1.10) pasusercst o, =n’ +n, T.e. IPONOPIMOHATBHA BaPHAIUN

pa3zMepa KJIETOK (€AUHULE).

0.08 [

0.06 +

x@1iD
o
o
IS

0.02 t

Puc. 3.2.4. CraunoHnapHoe pacnpeneieHue KIETOK C Pa3IMYHbIM YUCIOM KOIMHM IMIa3MUIbI
IpH TUNIEPOOIMYECKOM MEXaHU3Me WHTHMOWPOBAHUS PEIUTHKAINH TUTa3MUJ, 33JaHHOE BhIpaxe-

mueM (3.2.9). n =20, y=0.1, v, = 200 . [Itpuxopannas muuus - CV =10% (7, =1.45-107),
HenpepbiBHasg - CV =50% (7, =1.18-107).

Ha puc. 3.2.4 u300paxeHO TUMIUYHOE paCTpeeieHUE KIETOK C pa3HbIM YHCIOM KOTHUH
IUIa3MUJBI TIPU y4yeTe “pa3bpoca’ KJIETOK Mo pa3mepam. PacmpezeneHue Mmia3MHICOASpKAIIUX
KJIETOK NpPHU Bapvaluu KJIETOYHOro paszMepa 10 50% A0CTaTOYHO TOYHO OTPAXKaeT SKCIEPH-
MEHTAJILHO HAOII0JaeMbIe paclpeesieHus, B YaCTHOCTH U300pakeHHOe Ha puc. 3.2.3 (3ameTnm,
4YTO pacmupeneieHus Ha puc. 3.2.3 maHbl B JOTapu(PMUUIECKUX KOOpAMHATAX IO OCH adCITUCC).
TakuM 00pazom, MbI MMOKa3alld, YTO HECUMMETPHUYHOCTh CTAIIMOHAPHBIX PACIpPEICICHHA TUIa3-
MUHECYIIHUX TAMMOB MUKPOOPTaHU3MOB MOXKET OBITh CBsI3aHA C HAJIMYMEM KJIETOK C pa3iiny-
HBIMH 00beMaMU. DTUM MBI TaKKe MOJUYEepPKUBAaEM, YTO MAJIOCTh OLIEHEHHOTO napamMerpa 6 (i,
YTO TOXE CaMoe, IUCIIEPCHsl CTAIMOHAPHOTO PACIpPEIeICHHs) MOKET HE UMETh HUYEro OO0IIero
C TOYHOCTBIO KOHTPOJIsI KOMMUHOCTU PEIUIMKAIUMU, a OMPEAEsieTCs MPOCTO CTOXACTUYHOCTHIO
mporecca JAeeHus KJIeTOK MUKPOOPTaHW3MOB (U KakK CIlIeJICTBHE BBICOKOAUCIIEPCHBIM pacmpe/ie-
JIGHWEM KJIETOK 0 o0beMam).

MexaHu3Mbl cerperauMoHHOil HecTaOMAbHOCTH Miaa3Mul. CTaOuabHOE HACleOBAaHUE
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IUTa3MU B MOMYJISIIIMK PEKOMOMHAHTHOTO IITaMMa OMpPEIEIsieTCss B OCHOBHOM JIBYMS (hakTo-
pamu - CKOPOCThIO 00pa3oBaHusl OECIUTa3MUIHBIX KIETOK MPH ACIECHUU MIa3MUICOACPKAIINX U
pasHUICH B yIEIBHBIX CKOPOCTSIX POCTa IIA3MHUAHECYIIUX M OeCIIa3MUIHBIX BapuaHToB. [lo-
cinenHui (QakTop SIBISAETCS CBOETO POJAa YCHUIUTENEM, YCKOPSIOIIUM TPOIECC AIMMUHAIUN
TUTa3MUJICOACPKAIINUX MTAMMOB IIPH YCIOBHH, YTO OSCIUIa3MHJIHAs KJIETKa 0O0pa3oBajach U Ha-
Yana IpOAYKTUBHO NenuThes. ClieJoBaTeIbHO, YCIOBHS, BIUSIONIME HA CKOPOCTh 00pa3oBaHUs
OecIIa3MUIHBIX KJICTOK, SIBJIAIOTCS HanOoJiee CYIIECTBEHHO BIHMSIONIMMH Ha OOIIyIO CTa-
OMIBHOCTH TJIA3MUJICOJEPKAIINX ITAMMOB MHUKPOOPTaHU3MOB U TPEeOYIOT 0CO00OT0 paccMoT-
peHUSL.

[TepBblii, 1 BO3MOXKHO Hambosee BaXKHBIN (aKTOp B CTAOMIHLHOM HACIEIOBAHUU ILIA3MUJ-
3TO MEXAaHM3M PACHPECIICHUs KONMUU TUTa3MHUIBI MEXKIY JAOYCPHUMHU KIICTKAMHU TPH JCIICHUU
MaTepuHCKor. OYEeBUIHO, YTO PaBHOE paclpe/esieHne 00ecreuynBaeT ropa3ao 0ojiee BBICOKYIO
CTaOMIILHOCTD, YeM CITydaiHoe (TIPH BCEX MPOYMX PaBHBIX YCIOBHSIX). ITO HE YAUBHTEILHO, YTO
OOJBIIMHCTBO MAJOKONMHUMHBIX TUIa3MUJ OONAAal0T CHUCTEMaMH aKTHBHOTO paclpeiciieHus
masMu Mexay nodepHumu kinetkamu (Austin and Nordstrom, 1990; Williams and Thomas,

1992), Tak kak mpu CIyd4aifHOM pacrpelesieHUH IUIa3Mubl ObUTH OBl MOTEPSHBI 32 HECKOJIBKO

reHepanuii (BeposSTHOCTh 00pa30BaHMs OecIIa3MHUIHOM KIIETKH JaeTcs BeIpakenueM 2~ | e i-
YUCI0 IJIa3MUJ MpU JAEICHUM MaTepUHCKOW KieTku). C Ipyrodl CTOpPOHBI, MHOTOKONHUITHBIE
ma3Muibl (¢ KomuitHOCThIO 30-50 Komuid Ha KJIIETKY) HE HYKIAIOTCS B TaKOW CHCTEME aKTHB-

HOTO paclpe/esieHus, T.K. BEpOSTHOCTh 00pa3oBaHus OeCIIa3MUHON KIIETKH SIBIISIETCS TTOPSIKA

~107 (mpu i=30), 9To U 0OECIEYNBAET JOCTATOYHYIO CTAOMIBLHOCTh TIA3MHUICOAEPIKAIINX
ITAMMOB JaX€ NP JJIUTEILHOM KyIbTHBHpOBaHUU (Summers, 1991; Summers, 1996).

OpHako HalWM4Me ONPEIEICHHOr0 MEXaHW3Ma Cerperanuy (TOYHOro Ju0O0 CIydaiiHOro) He
00ecrevnuT BBICOKYIO CTaOMJIBHOCTH IUIa3MHUACOAEPKAIIUX MUKPOOPTraHU3MOB, €CIIU peIuIhKa-
U TUTa3MUJ HE IPOUCXOAUT JOCTATOUHO 3PPEKTUBHO. 31eCh BTOPOH (haKTOp HAYMHAET UTPATh
CYIIIECTBEHHYIO POJIb, @ UMEHHO TOYHOCTH (MU 3()(PEKTUBHOCTH) KOHTPOJISI KOMMMUHOCTHU TLIa3-
Mua.  O(PEeKTUBHOCTD KOHTPOJII KONMUMHOCTH ONpEIENseTCS CIIOCOOHOCTBIO — IIa3MUJ
“BBIPAaBHUBATH CBOE YHCIO J0 HEKOTOPOTO (PUKCHPOBAHHOTO 3HAYCHHS (OMPEIEIsieMOTo YC-
JIOBHSIMH KYJIbTUBHPOBAHUS). 3aMETUM, YTO B 3TOM CMBICJIC SKCIIOHEHITMATBLHBIN MEXaHU3M HH-
TUOMPOBAHUS PETUTUKAIIMH TUIa3MUJL SIBJISIETCSL 00JIee TOYHBIM, YeM THIEPOOIMUECKHI (CM. pHC.
2.1.2 u (Ehrenberg, 1996; Paulsson and Ehrenberg, 1998)). 1 xoTs 3KCIOHEHIIMATBHBIA MeXa-
HU3M MHTUOMPOBAHUS PETyIHUPYET KOMUHHOCTD AOCTATOYHO 3(PPEKTUBHO, OH TOXKE HE SBIISAETCS

nacajJlbHbIM, T.K. UICAJIBHO TOYHBIHN KOHTPOJIb KOMMUMHOCTH BCCraa obecrieynBaeT PCIIUKAUIO
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IUIa3MUJ B KIJIETKE JI0 ONPEAENIEHHOr0 3HAaYeHHs] HE 3aBUCHMMO OT HAa4yaJIbHOTO YHUCIA TUJIa3MH]T
(T.e. ecim B Hayajie KJICTOYHOIO ITMKJIA B KJICTKE ObLIO 1, 2,...m <71 KOIMH IIa3MHJBI, TO B
KOHIIE KJIETOYHOTO IIUKJIA B KJIETKE Oy/IeT TOYHO 7 MIa3MU]).

HeuneanpHplii (HETOYHBIA) MEXaHWU3M pEIUIMKAIMU TUIa3MHJI MPUBOJUT K 0Opa30BaHUIO
KJIETOK C MaJbIM YUCJIOM KOIMUU TIa3MHJIbI K KOHITY KJIETOUHOTO LMKIIA U, CIIE0BATEIbHO, YBeE-
JUYMBAET BEPOATHOCTH OOpa30BaHMs OECIUIa3MHUIHBIX BapuaHTOB npu AesneHun (Nordstrom et
al., 1984; Paulsson and Ehrenberg, 1998; Summers, 1991; Summers, 1996). 3To yrBepxaeHue
BEPHO Kak JJIsl TUIa3MHJ C TOYHOM, TaK M CO CIIy4allHOM cerperanuei mia3Mua Ipu JeIeHUH, X0-
TS U B CIy4ae TOYHOW Cerperanuy Jaxe He o4eHb 3((PEKTUBHBIA KOHTPOJIb KOMUHHOCTH (Ha-
puMep, MOJENb ““+7 peruKamuii’”) 00ecrneYrMBaeT BBHICOKYIO CErperaliOHHYI0 CTaOMIBHOCTH
mwrazmuabl (Nordstrom et al., 1984). Takum oOpa3om, TOYHAs pEryislus OTKIOHCHHN YHUCIa
IIa3MUJ B KJIETKE OT HEKOTOPOTO CPEAHETO SIBISETCS Ba)KHOM XapaKTEpUCTUKOW B cerperaiu-
OHHOW CTaOMJIBHOCTH TUTa3MHUJICOACPKAIIUX ITAMMOB MHKPOOpPraHu3MoB. M3 3Tux paccyxkie-
HUH TaKXe CIeAyeT, YTO HETOUHOCTh KOHTPOJISI KOMMUWHOCTH MOXET ObITh IPUYUHON cerperaiu-
OHHOW HECTAOMIIBHOCTH PEKOMOWHAHTHBIX MHKPOOPTaHHU3MOB-CBEPXIPOAYIICHTOB, rae dhdek-
TUBHAs TPAHCKPUIIIHUS TUIa3MHUIHBIX T€HOB IMPUBOIUT K CHUKEHHIO YMCIA YCIEHIHbIX peIuIhKa-

Uil 1maasMuael (ONpeaenseMoe mapaMeTpoM p ) U COOTBETCTBEHHO K OOpa30BaHMIO MajoOKO-

nuiHBIX KiIeTok. Ho Oyzaer i mnasmuaa cTabuiabHO MOANEPKUBATHCS B MOMYJISIIUNA MUKPOOP-
TaHU3MOB, €CIIM KOHTPOJb €€ KOMUWHOCTH ObUT OBl McabHBIM (HampuMep, MpU HATUYUHA He-
CKOJIbKMX HE3aBUCHUMO JCUCTBYIOIIMX PEIUIMKAIIMOHHBIX CHUCTEM, KaK, HallpuMep Ha TUIa3MHJIe
F)? OtBer Ha Takoif Bompoc ObUT OBl MOJOKUTENBHBIN, eclau Obl HE Apyrue (hakToOphl, TaKXKe
BJIUSIIOLINE HA CErPEralliOHHYI0 CTAOUIBHOCTD.

OpHa U3 yIMBUTEIBHBIX OCOOCHHOCTEH PEKOMOMHAHTHBIX (M MHOT/IA MIPUPOIHBIX ) TIa3MU/I-
3TO0 OoOpa3zoBaHue MyiabTUMEpoB (Summers et al., 1985; Summers and Sherratt, 1984). Hanpu-
Mep, OTCYTCTBHE CIIEIUAIBHOTO caiiTa Ha miazmuae pBR322, nassannoro cer (ColE1 resolution)
Y OTBETCTBEHHOTO 3a ‘““pacuieruieHrue” JUMEpPOB, TPUMEPOB U MPOUYHUX MYJIBTUMEPOB C MOMOIIBIO
KoaupyeMbix kietkoit pepmentoB XerCD, ArgR u PepA (Colloms et al., 1990; Hodgman et al.,
1998; Summers, 1998; Summers, 1996), npuBOAUT K CHIKEHHIO Y()PEKTUBHOTO YUCIIA CETPETH-
PYIOLIUX TIPH ACIEHUU eIUHUIl (MOHOMEPOB, JUMEPOB U T.1.), & CIEAOBATEIHHO K YBEIHUECHUIO
CerperalvoHHON HEeCTAaOMIIBHOCTH IJIa3MUCOJEPKAIIMX MUKpoOpranusmoB. Hampumep, ecnu

30 xomuit mIa3MuAbl 00paszyoT 15 AuMeEpoB, TO BEpOSTHOCTH 00pa30BaHUS OECIUIa3MUIHOTO

BapHaHTa yBenmumBaercs ot 2" =107 mo 2" =107, 4To MPUBOMMUT K HOCTATOUHO OBICTPOIL

cerperanuu miasmua. O4eBUIHO, YTO MJIs MOSBIICHUS OECIUIa3MUIAHOTO BapUaHTA, JOCTATOYHO
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TOJIBKO HECKOJIbKUM IUIa3MHUACOAEPKAIIMM KJIeTKaM 00pa3oBaTh JAMMEpPHI Mepel JeJIeHUueM, a
CJIEIOBATENILHO CHU3UTH dP(EKTUBHOE YHCIIO HE3aBUCHMO CETPErHPYIOIINX MPU JEIICHUN eIu-
HUII B J1Ba pasa. JIOKyC cer Kak pa3 M CIIOCOOCTBYET YCHJICHHIO CAaUT crielM(UIECKON peKOMOH-
HAIlUU MEXIYy AUMEpaMH C UX IMOCIEIYIoNel MOHOMepU3auel. ITOT mpolecc Hauboee spKo
BBIPKEH B KJIETKax OaKTepHii ¢ HOpMaIbHO (DyHKIMOHUpPYIOIICH pekoMOnHazoi XerCD, HO He
saddextuBen, Hanpumep, B sbcA, recBC, recA mrammax (Summers and Sherratt, 1984). Takum
00pa3zoM, 00pazoBaHHEe MYJIBTHMEPOB MOXKET CYIIECTBEHHO YBEJIIMUUTHh HECTAOMILHOCTh PEKOM-
OMHAHTHBIX MmTaMMoB MukpoopranusmMoB (Boe and Tolker-Nielsen, 1997; Summers, 1993;
Summers, 1994; Summers et al., 1993), naxxe npu BeICOKO3(h(HEKTUBHOM KOHTPOJIE KOMTUHHOCTH.
C napyroii CTOPOHBI, KIIOHHPOBAHUE JIOKyca cer (WU MOAOOHOTO0, MACHTU(DUIIUPOBAHHOTO IS
MHOTHUX TUIa3MHJ) WIH TpaHchopMalus MIa3Mu/Ibl B peKOMOMHA30-KOMIIETEHTHBIN IITaMM MpH-
BEJICT K BOCCTAHOBJICHUIO UCXOTHOW CTAaOMIBLHOCTH TUIa3MUJIBI, JOCTUTHYTOW TIPU MOHOMEpH3a-
[IUU BCEX IJIA3MUHBIX KOTHIL.

OpnHako Aake MpU HACATHHO PErYIMPYEeMOM KOHTPOJE KOMUWHOCTH W TPUCYTCTBUU BCEX
IU1a3MUJ B MOHOMEpPHOH (opme pa3inyue KIETOK B 00beMax MOXET TaKKe WUrpaTh CYIIECT-
BEHHYIO POJIb B CETPETAalMOHHON CTAOMIBLHOCTH IUIA3MUJCOJEPKANINX IMTAMMOB MHKPOOpra-
HU3MOB. Kak MbI MoKa3anu BBbIIIE, KIETKH C MaJIbIM 00beMOM OyIyT B CpPEeHEM COIepkKaTh ro-
pa3no MeHbIIe KOMUM IMIa3MUJbI, YeM KJIETKH ¢ OOJBIIUM OOBEMOM, a CIEIOBATEILHO TaKHE
“MajIplii”’ OYeHb OBICTPO MPHUBEAYT K 00pa30BaHUIO OECIUTa3MHUIHBIX BapuaHTOB. Hampumep,
JUTSL TAHHBIX, TIPUBEJCHHBIX Ha pHUC. 3.2.4, BEpOSITHOCTh 00pa30BaHUsl OECIUIa3MHUIHON KIIETKH

IIPY ACIICHUH JIa3MUICOACPKAILEH T, B Cllydac “y3KOro’ CTallMOHAPHOIO pacHpelesICHUs Kile-
TOK ¢ pasanuHoil kommitnocTeio (CV =10% ) onmpenensercs kak T, = 1.45-10™, Torma xax mpu

CV =50% 5Ta BEpOATHOCTb YBETMUMBAETCA Ha JBa mopsiaka T, =1.18-107.

OtmeTHnM, 4TO TpoIecc 00pa30BaHUS MATOKOMHIHBIX KJIETOK (M3-32 MAJIOCTH KJIETOYHOTO
o0bema) OyneT BO3MOXKEH, Ja)Ke €CJIM BCE IJIa3MU[BI SBISIOTCS MOHOMEpPaMH, a KOHTPOJIb KO-
NUHHOCTH - UaeanbHbIM. Takoil pa3dpoc B KJIETOUHBIX pa3Mepax CBs3aH B OCHOBHOM CO CTO-
XaCTUKOU (HEMOCTOSIHHOCTBIO) BPEMEHHU JENCHHUS KIETOK MHKPOOPTaHM3MOB (M3-3a Bapua-
oenpHOCTH (a3sl G (s OakTepuil B)), yTO OBUIO HEOAHOKPATHO MOIYEPKHYTO B psizie padoT
(Bernander and Nordstrom, 1990; Brooks, 1981; Brooks et al., 1981; Eliasson et al., 1996; Smith
and Martin, 1973; Tyson, 1989; Tyson, 1991; Tyson and Hannsgen, 1985a; Tyson and Hannsgen,
1986). OT0 B 4acCTHOCTH O3HAYAET, YTO pACIPEACIICHUE KIETOK C Pa3HOW KOMUWHOCTHIO M3-3a

JUCTIepcud B Macce (00bheMe) TakKe SIBISIETCS OJHON M3 BO3MOXKHBIX MPUYUH CETperanuoOHHON
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HecTaOuIbHOCTH TuIa3Mua. OTMETUM, YTO 3TOT acCHeKT HECTaOMJIBHOCTH MPAKTUYECKH HEKOH-
TPOJIUPYEM TPHU JJIUTETBHOM KYJIbTUBHUPOBAHMM, T.K. JaXK€ H3HAYAJIbHO CHUHXPOHU30BAHHAS
“omHOpa3MepHas” KyJbTypa OaKTepHUil TEpsSET CBOK CHHXPOHHOCTH 3a HECKOJIBKO TEHEpaluid
(Smith & Martin, 1973; PomanoBckuii u np. 1975).

Takum 00pa3oM, MEXaHW3M Cerperanuu IUIa3Muj MpU JeJEeHUU (TOYHBIA, CIyYalHBIA U
T.11.), 9 ()EeKTUBHOCTH (MJIM TOYHOCTH) KOHTPOJISI KOMUHHOCTH, CKOPOCTh PEKOMOMHAIIUN MYJIb-
TUMEPOB U pacIpelielieHHe KIETOK M0 pa3MepaM SIBISIIOTCS OCHOBHBIMU IPUYMHAMHU (U3BECT-
HBIMH HaM K HACTOSIIEMY BPEMEHH) CErperaloHHON HecTaOMiIbHOCTH TutazmMuj. OueBHIHO,
YTO TOJIBKO MOCIEAHHI (akTop obecrneyrBaeT HECUMMETPHUUYHOCTh CTAallMOHAPHBIX pacrpese-
JIEHUH KJIETOK C pa3iu4HbIM YHUCIOM KONMH IJIa3MUJbl, MHOTOKPAaTHO OTMEUYEHHAsl SKCIIEpH-

MeHTansHO (Bailey et al., 1983; Lobner-Olesen, 1999; Srienc et al., 1986; Tseng et al., 1997).
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I'TABA 4.
BJIMAHUE DOPEKTHUBHOCTHU KIIOHMPOBAHHbBIX B INTASMU/IE 'EHOB HA I10-
IMIYJHAOUOHHYIO JMHAMUKY TTASMU MUKPOOPI"'AHN3MOB

B npenpinynmx riiaBax Mbl pacCMOTpPEINN BIMSIHUE HAIMYUS HECKOJbKUX KOMUI IIa3MUIbI
B OakTepuanbHOW KIETKE Ha TMOMYJISIUOHHYI0 JWHAMUKY IUIA3MUJCOIEPKAIINX MHUKPO-
OpraHU3MOB U OOHAPYXWJIH, YTO BO MHOTHX CIy4asiX YYMTBIBAHUE KONULHOCMU PEKOMOU-
HAHTHBIX TUJIA3MH]I IPUBOJUT K HOBBIM pe3yibTaTaM (Kak, HallpuMep, pachpeesieHne KIeTOK ¢
Pa3IMYHBIM YUCJIOM TUUIA3MHJT) M B PsfIC CIydacB MIOMOTAeT 00BSICHUTh HaOmogaemMbie () PEeKThI
(KaK HampUMep CHIKEHHUE CEIEKTUBHOTO MPEUMYIIeCTBa OECIUTa3MUAHBIX KIETOK TIPH JITUTEIb-
HOM KyJbTUBUPOBAHHM B XeMocTtare). OZHUM U3 BaXXHBIX IMPEANOIOKEHUN B HAllleM aHajIu3e
SABJISJIOCH BIMSHUE YMCIIA KOMUHM IUIa3MHUIbl HA BPEMs TEHEPALMU XO3AMCKOW KIIeTKH. U XoTH
Takas 3aBHCHUMOCTb CKOPOCTH pOCTa MOMYJSALUUU OaKTepui OT KOHIIEHTPAIMH SKCTPOXPOMO-
comanbHoil JIHK (mnasmunnoii IHK) Obuta nelicTBUTEIRHO OOHApyX eHa B P SKCIIEPUMEHTOB
(Engberg et al., 1975; Nguyen et al., 1989; Smith & Bidochka, 1998; Zund & Lebek, 1980), ox-
HO3HAYHOT'O COOTBETCTBUS MEXIy Pa3MepOM IUIa3MUIbI (U €€ KOMMMHHOCTBIO) U METa0OIMUECKOM
Harpy3Koil Ha KJIETKY-XO031HMHa, KOTOPYIO 3Ta IJIa3MUJIa BBI3BIBAET, K HACTOSIIEMY BPEMEHH Kak
M3BECTHO aBTOPY MPEIUIOKEHO He ObU10. MBI (KaKk BO3MOYKHO M MHOTHE JIpYTHE UCCIIEA0BATEIIH )
rmoJiaraeéM, 4To He MPOCTO MPHUCYTCTBUM NonoJHUTENbHOU TasmMuanon JIHK B 6akTepuanbHOM
KJIETKE BEJIET K CHUKEHHUIO CKOPOCTH POCTa MOMYJSLHUU MUKPOOPTAHWU3MOB, COACPKAIIUX ITY
I1a3MHUY, @ CKOpee BCEro HEKOHTPOJIUpYeMasl SKCIIPeCcCHsl KIIOHUPOBAHHBIX B TUIa3MHJI€ T€HOB
OTBETCTBEHHA 3a Takoe CHIkeHue. [lon sxcrpeccueil reHoB Mbl IOHMMAaeM Kak T'€Hbl, KIOHHUPO-
BaHHbIEC B IJIa3MUJI€ METOJAAMU F€HHOW MH)KEHEPUH, TaK U IeHbl OTBETCTBEHHBIEC 3a MOJAepikKa-
HUE JIa3MUJbl B TOMYJISIIUM MUKPOOPTaHU3MOB, T.€. BOBJICUCHHbBIC B PETYJSALUIO KOMUMHOCTH
I1a3MUJ, aKTUBHOTO paclpelesieHns IIa3Mu 10 JOYEepHUM KJIeTKaMm IpHu JejeHuH U T.1. B
ATOH TJIaB€ MBI paCCMOTPUM Kak 3(PPEKTUBHOCTH 3KCIPECCHU PEKOMOMHAHTHBIX T'€HOB, HaXo-
JISIIMXCS Ha TUIa3MUZe, BIUSET Ha CTaOWMIBHOCTD IJIA3MUJICOJAEPKAIIMX ITAMMOB MHKPOOpra-

HU3MOB IIpU UX AJIUTCIIBHOM KYJIbTUBUPOBAHWU B HGpHOI[H‘ICCKOﬁ n HGHpprIBHOfI KYJIbTYpC.
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4.1. MeTo1 OLIEHKH KHHETHYECKUX MapamMeTPOB ITAMMOB MUKPOOPTaHU3MOB, COAECPKAIINX

peKOMGI/IHaHTHBIe IIJ1a3sMHabI.

JIOCTOMHCTBO MaTeMaTHYECKUX MOJIENEH 4acTO COCTOUT HE TONBKO B MPEICKA3aHUHU HOBBIX
3¢ (}eKTOoB, HO U B OLIEHKE MapaMeTPOB MOJIETN Ha OCHOBE HKCIIEPUMEHTAIbHBIX JaHHBIX U CPaB-
HEHUU OLICHEHHBIX MapaMeTPOB MPHU PA3TMUYHBIX BHEITHUX YCIOBUAX. K cokaneHuro, XOTS U K
HACTOSIIIIEMY BPEMEHH OWOJIOTHsI CTAaHOBUTCS BCEe OoJjiee TOYHOM HAyKOM W BCE OOJIBIIE JKC-
MEPUMEHTOB TPOBOJUTCS C HEOOXOTUMOW IS MHOTHX COBPEMEHHBIX MOJENEH TOYHOCTHIO,
MUKpPOOHOJIOTHSI HE OTHOCUTCSI K YUCITy TaKMX MPOJBUHYTHIX 00JiacTeil ecTecTBO3HaHUA. MHO-
TU€ DKCIEPUMEHTHI, B KOTOPBIX HM3YYalUCh (M HM3y4ArOTCs) MPHYMHBI HECTAOWIBHOCTH TUIA3-
MUJCOEPKAIIUX MHUKPOOPTaHU3MOB, IMPEACTABISIOT B OCHOBHOM IMHAMHKY (pakiuu Iuia3-
mugHecymux (Oecruiasmunnbix) kiaetok (Noack et al.,, 1981; Wouters et al., 1980), xots uc-
kiroueHus: u3BecTHol (Caulcott et al., 1985; Duetz and van Andel, 1991; Filonov et al., 1997).
[Tpu >TOM 3KCTIpeccus MIA3MHUIHBIX TEHOB W/WIU CPEIHSSI KOMMMHHOCTh OAKTEPUATBHBIX KIETOK
00BIYHO HE M3MEpsIeTCs, Kak, HanmpuMmep, B TunuuHoi padore (Noack et al., 1981), He roBops
YK€ 0 pacrpepeIeHUH KOMUHHOCTH B MOMYJISIIIMA MUKPOOPTAaHU3MOB. YUHTHIBAsSI 3TOT (aKT, MBI
HAIUTK U3JIUIIHUM [IPUMEHEeHHEe pa3paOoTaHHON HaMH pacHpe/elIeHHON MOJENU Ui HaxoXKIe-
HUS MapaMeTpPOB TUIA3MHICOACPIKANIUX KIETOK (MBI CMOTJIM OBl OMHCATh MPAKTUYECKU THOOBIC
U3 TUX JAHHBIX IPU JOCTATOYHO MPOCTHIX OMOJOTUYECKUX MPEANONIOKEHUX), U, I/1e HE 000-
3HAUEHO MPOTUBOIMOJIOKHOE, IPUMEHIIIA MOJIeNb, pa3paboTtannyio JleBunbiM u CtroapToM (na-
nee mozens JIC) nns onucaHus TUHAMUKU IJIA3MUJ B MOMYJISIIIMM MHUKPOOpraHU3MOB (Stewart
and Levin, 1977) u panee Mo3epom JuIsi ONUCaHUsI JTUHAMUKH MYTaHTOB B xemoctare (Moser,
1958). XoTs 3Ta MOZIENb U SABJISAETCS TIOCTATOYHO OOIIEH, OHA HE OTpa)kaeT HEKOTOphIe HabJItO-
nmaemble 3((EKThl Kak, HampuMep, U3MEHEHUE CPEIHEro 4hclia KOMWH TUIa3MHJIBI Ha KIETKY
(puc. 3.1.7), HO TeM HEe MEHEe MOKET OBITh MPUMEHEHA B MOJIABIISIONICH OOJBITUHCTBE CITyYacB,
I/Ie TAKUE U3MEHEHUS He Ha0Ito1aeMbl OO HE U3MEpSIHBI. B 3TOl yacTu MbI pazpaboraeMm me-
TOJ OLIEHKM OCHOBHBIX MapaMeTpoB MJIa3MUJICOIEPIKALIUX LITAMMOB MHUKPOOPTaHU3MOB, OCHO-
BaHHBIN Ha Mozenu JIC, a MMEHHO CeleKTUBHOE MPEUMYIIECTBO OECINIa3MUIHBIX KIETOK O (WK
CeJICKTUBHBIA Kod(pduimeHt, uro obOo3HaueHO s paborax duimepa w ero mocieaoBarenen

(Fisher, 1930)) u ko3¢ duIMEeHT T,, OMUCHIBAIOIINNA CKOPOCTh 00pa3oBaHMs OECIIa3MUIHBIX

KJ'ICTOKEI, KOTOpBI B JaJbHEWIIEM Mbl OyleM Ha3bIBaTh MPOCTO BEPOSTHOCTHIO OOpa3oBaHUS

¥ Bonee TouHO 7, =60/2, r1e 6 - BepoATHOCTL 00pa3oBanys GECIIA3MUIHON KIETKH TIPH JEJIEHAH (CM. JaTee).
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Oecruia3MUIHON KJIETKH (3TOT MapaMeTp COBMATAeT ¢ NEPEMEHHOH T,, MPUBEJEHHON B OCHOB-

Hoi mozenu (3.1.1)). Kak cnexyromuii mar Mbl IpUMEHUM pa3paOOTaHHbIM METOA /sl HOHUMa-
HUSl NPUYUH HECTAOWJIBHOCTH IUIa3MHJ MPHU PAa3IMYHBIX YCIOBHSX KYJIbTUBHUPOBAHUSA B psilie
OKCIIEPUMEHTOB, a TaKKe KpPaTKO CPaBHUM pPa3paOOTaHHBI HAMHU METOJl OIICHKH MapaMeTpOB
MJIa3MHUTHECYIIIMX MHUKPOOPTaHU3MOB C paHee mpemioxeHHbIME (Boe et al., 1987; Boe and
Rasmussen, 1996; Caulcott, 1984; Caulcott et al., 1985; Cooper et al., 1987; Davidson et al.,
1990; Duetz and van Andel, 1991; Duetz et al., 1991; Dunn et al., 1995; Filonov et al., 1997;
Godwin and Slater, 1979; Impoolsup et al., 1989; Lenski and Bouma, 1987; Proctor, 1994;
Tolker-Nielsen and Boe, 1994; Walmsley et al., 1983).

OuneHka mapaMeTpoB ILUIA3MH/ICOAEPKAIIUX IITAMMOB MUKPOOPraHusMoB. OJIHUM U3
METOJIOB, KOTOPBI MOKET ObITh MPUMEHEH /JIsi TOHWMaHUs MPUYUH HECTAOMIIBHOCTH PEKOM-
OMHAHTHBIX IJIa3MHUJ] B Pa3IMYHBIX YCJIOBUAX KYJIbTUBUPOBAHWS, SBIIICTCS pa3pabOTKa mare-
MaTHUYECKON MOJENH, KOTOpasi TOCTaTOYHO TOYHO OIMKCHIBAECT SKCIIEPUMEHTAIbHBIE JaHHbIE U C
MOMOIIBI0 KOTOPOU MapaMeTphl, ONPEIESISIFONINE HECTAOMITHHOCTh TUIA3MUJICOACPIKAIIUX MITaM-
MOB MOTYT OBITh OlLIEHEHbI. B HEKOTOpBIX ciaydasix mMareMatuueckas monenb JIC aBisercs xopo-
[IMM TIEPBBIM MPUOIMKEHUEM TUHAMUKH TUIa3MUJI B HEMIPEPHIBHOW M IEPUOAMYECKON KYIbType
(Mogenn, pa3paboTaHHYIO B TJIaBE€ 3 MOYKHO CYMTATh BTOPHIM IMPUOIMIKEHUEM ).

B obmewm ciydae, marematudeckass moaens JIC (1.2.1) omuchiBaeT NMHAMUKY Cerperaru-
OHHO W KHHETHYECKH KOHBIOTATUBHBIX IUIA3MUJ, OJHAKO OOJBIIMHCTBO PEKOMOMHAHTHBIX
TUTa3MUJ SBISIOTCS HEKOHBIOTATUBHBIMHU (TE€HBI, 00ECICUMBAIOIINE KOHBIOTATHBHBIA MEPEHOC
I1a3MUJ, 3aHUMAIOT JIOCTaTOYHO OOJBIION 00beM Ha IUIa3MHJIE, U YacTO HE BKIIIOYAIOTCS B CO-
CTaB MaJOpa3MEpHBIX BEKTOPOB, Kak, Hanmpumep, pBR322). YuureiBas 3T0T QakT, Mbl mepe-

nameM moaens (1.2.1):

PO [ (s5)- D) () (567 )
dXT;(f):[u—(s)_D].X—(z)ﬂow(s)r(f), @4.1.1)
450 _ s sl 60w ©x 0

| dt v oo

riae o003HauYeHHBbIE MapaMeTphbl ONMHMCAHBl B MOANUCH K BbipakeHuto (1.2.1). OTmerum, 4To B
JAaHHBIX 0603Ha‘-IeHI/I$IX, BpEMs t 0603HaqaeT XPOHOJIOTMYCCKOC BPEMsA, TOrAa KaK YHCJIO I'CHC-

paunﬁ, nmpomeaqmux € Hadajla KYJIbTHBUPOBAHUA INNIA3MHUACOJACPIKAIINX KICTOK B XEMOCTATE,
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ompesiensieTcss Kak g =1/, =tD/In(2), tae ¢, =In(2)/D - Bpems reHepauunm B XemocTaTe

(Dykhuizen and Hartl, 1983).

N xotsa B obmiem ciydae cuctema (4.1.1) comepkuT 7 HEM3BECTHBIX MapaMeTPOB, TOJIBKO
JIBa M3 HHUX SIBISIIOTCS HanOosee BaXXKHBIMH U OTHOCSIIIUMUCS TOJIBKO K IIIa3MHJICOACPKALIEMY
MITAaMMY M XapaKTepU3YIOLIUE COOTBETCTBEHHO KHHETHUYECKYI0 M CErperalMoHHYI0 HecTa-
OUJIBHOCTH TUIA3MUJ: CEJIEKTHBHOE MPEUMYIIECTBO OECIUIa3MHUIHBIX KIETOK (MM CTOUMOCTh
IU1a3MUABI, ¢, BbIpakeHue 1.2.2) U BEpOATHOCTb MOTEPH IUIA3MUJIBI IPU AEJIEHUU To. MBI npea-
JaraeM MCIIOJIb30BaTh 3TU XapaKTEPUCTHKHU TUIA3MHUIHECYIIUX KJIETOK KaK CTaHJapTHHIE Mapa-

METpbl IITAMMOB, KaK, HalmpHMeEp, MaKCHUMallbHas CKOPOCTb pocTa (I, W KOHCTaHTa IIO-
JTyHaChIIIeHHUs 10 cyOcTparty K, SBISIOTCS CTaHIAPTHBIMU XapaKTEPUCTHKAaMHU OakTepuil mpu

3alaHHBIX yCnoBHsIX KyiabTuBHpoBaHus (Dykhuizen and Hartl, 1983; Monod, 1949; Pirt, 1975).
OnHako HEOOXOIMMO OTMETHUTb, UTO Pl IPYTUX MMapaMeTpOB ObLT UCIIONB30BaH JJIS XapaKTepH-

3allMd HECTaOMJIBHOCTh IUIa3MHJ, KakK, HalpuMep, OTHOIIEHHE CKOPOCTEeM pocTa (UiIu BpeMeH

reneparun) C =y~ /u* | pasHuna ckopocTeit pocta m =1~ — (1 U CKOPOCTb TOTEPH TLIA3MH
R =1,u" . MBI IPEANOYNTACM HCIIOIH30BATH MAPAMETPHI (! U T, IO JBYM OCHOBHBIM MpPHUH-

HaM: BO-TIEPBBIX, ITH MapaMeTPhI SBISIOTCS Oe3pa3MEPHBIMHU, a CIEAOBATEIHHO MOTYT OBITh JIET-
KO CpPaBHEHbI, U BO-BTOPBIX, OHU UMEIOT IPOCTON OUOJIOTMYECKUN CMBICI — CTOUMOCTD IUIa3MHU-
JIbI ¥ BEPOSATHOCTH MOTEPHU TIA3MUIBI IPH JEIICHUU.

Marematnueckass Mojenb (4.1.1) He UMEeT TOYHOTO aHATUTHYECKOTO PEIIeHUs, XOTS U Ka-
YECTBEHHBIN aHaIM3 ATOW MoJenu ObUT MPOBEACH AocTaToyHO TonapobHo (Hsu ef al., 1995;
Lenski & Hattingh, 1986; Lu & Hadeler, 1998; Smith & Waltman, 1995; Anonun u ap., 1984,
AnonuH U AnonuHa, 1996). YUucneHHbll aHaIU3 MOKA3bIBAET, YTO JUHAMHUKA MIa3MUICOIEP-
KaIIMX KJIETOK COCTOMT M3 YeThIpeX mocieaoBarenbHbix ¢a3 (Ganusov and Brilkov, 2001).

1. B Teuenne HauanpHOU (ha3pl MOMYISALUS TUTA3MHUICOACPIKANINX KICTOK YBEITMYUBACTCS B
IUIOTHOCTH JIO0 CTAllHOHAPHOIo 3HaueHus X =y~ (SO -S ) (cm. puc. 4.1.1). IIpuunna Takou

npoaudepanny 3aKI04YaeTcs B TOM, YTO W3HAYAIBHBIA HHOKYJISATA OOBIYHO MPUTOTABIUBACTCS B
JIOCTaTOYHO MaJeHbKOM o0beme ~ 5-10 Mt (mpu muoTHOCTAX ~10° KIETOK/MIT) M pa3sBOAUTCS B
xeMocTaTre, 00beM KOTOphIX 00brgHO 100-1000 M. DKCHOHEHIMATBHOE YBEIWYEHUE YHC-
JICHHOCTHU TUIa3MHUIHOW MOMYJISLUU MOXET MPHBECTH K TOSBICHUIO CYIIECTBEHHON (pakiuu
Oecria3MUIHBIX KJIETOK M COOTBETCTBEHHO MOBIIMATH Ha MOCIEAYIOUIYIO JUHAMUKY 3aMEIleHHe

TUTa3MUACOACPKAIIETO MTaMMa Ha OeCIIa3MUIHBIA BapHaHT. DTOT MPOIECC MOXKET OBITH Ipe-
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JIOTBPAILICH, €CJIU B Cpey H00aBJIeH aHTHOMOTHK (O YCTAaHOBJICHUSI CTAI[AOHAPHOTO COCTOSIHHS
M0 YHCICHHOCTH) JTMOO0 €CIHM UCTIONB3YeTCs Cpelia, B KOTOPOU POCT OeCIIa3MUTHBIX KJIETOK He-

BO3MOKCH.

oU F

40 +

30 ¢

X+

20 |
I II I 1A%

10 +

0 10 20 30 40 50
time , h

Puc. 4.1.1. JluHamMuKa IOJIHOTO YHCIIA KIETOK B XeMocrare. HadanbHOE YHCIO KIIETOK BHI-

OpaHo HiDKe cranuoHapHoro, X = =30 (ocrajbHbIC MAPAMETPhI TAKHUE XK€, KaK M B TOIIUCH K
puc. 4.1.2, ciomnbie uann). I, 1L I u IV — da3er iuramuky nima3Muacoaepkammx KIeTok.

2. [lociie Ha4aIpPHOrO YBENMUYEHUS IJIOTHOCTH IIA3MUIHECYIIEH MOMYJSALUU, B XEMOCTaTe
HaOJIr0/1aeTCsl KBa3U-CTAlMOHAPHOE COCTOSIHME, KOTAA YHMCIO IUIa3MHUIHBIX KJIETOK M KOHLEH-
Tpauus cyocTpara nmpakTudecku He MeHstoTcs (puc.4.1.1 u 4.1.2) u MoryT OBITH OIpEENIEHBI U3

cuctemel 4.1.1:
w(§)=p, X =y(s,-5). 4.12)

B TCUCHHUC 3TOI>1 (1)33]:1 YHUCJI0 HJIaSMI/I,Z[HGCYH_II/IX KJICTOK 3HAUUTCIIBHO HpeBOCXOI[I/IT YHUCJI0
OecIuIa3sMHUIHBIX (X Te>> X ‘) W, CJIEIOBATEIbHO, BPEMSl TE€HEpAMU TIJIa3MUICOAEpKAIICH MO-

My COOTBGTCTByeT BpeMeHI/I reHepauHH B XEMOCTare.

3. Cnenyromas ¢aza — (aza 3amenieHus MIa3MHUIHOTO IITaMMa Ha OeCIIa3MUIHBIA BapH-
aHT.

4. OKOHYATEIHHO, KOT/Ia YUCIIO OeCIUTa3MUIHBIX KJICTOK CPaBHUBACTCS (M MPEBOCXOJNUT) C
YHCIIOM TUIA3MUIHBIX, B XEMOCTAaTe HaOJIO/IaeTCsl BTOPOE KBAa3U-CTAIMOHAPHOE COCTOSIHUE, TIIe

BpeMs reHepaluy Oecryla3MUIHON MOMyJsSIUU Terneph ONpeeseTcsi BpeMEHEM IeHepaluu B
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XeMocCTare:

w(§)=p, X =y(s,-5) (4.1.3)
0.07 -----\\
N\
006 \
0.05 \
\
© (.04 \
N\
0.03 \\
\‘~—

Puc. 4.1.2. Jlunamuka ¢pakiuy IMiIa3MHIHECYIIUX KIETOK (cleBa) W KOHICHTPALUU JIH-
MUTHPYIOIIETO pocT cyOcTpaTa (CripaBa) B XeMOCTaTe B COOTBETCTBUU C YHCIEHHBIM pelIeHUEeM

cuctemsl 4.1.1. Tlapamerpsi: D =0.3 wac™, S, =100, y* =y~ =0.5, 7,=10", HauanpHas

IUIOTHOCTH TUIa3MUJICOACPIKALINX KJIETOK M KOHLIEHTpAIUs cyOcTpaTa B3ATHl B CTAl[HOHAPHOM
coctosiHuM (cM. BblpaxkeHue 4.1.2). IITpuxoBble TMHUM — KOHCTAHTHI MOJTYHACHIIEHUs OJUHa-

KOBBI [UISI TUIa3MHOHOTO M Oecruiasmuanoro tmrammoB: Ky =K =0.05, u_ =1 qac”,
U.. =05 uac’ (r.e. o0 =0.5). CrIONHbIC IMHAN — KOHCTAHTBI TIOTYHACHIICHHS HE OIMHA-
KOBBI JUTSl IUIA3MUIHOTO 1 Oecruasmuaaoro mrammoB: K¢ =0.05, K =0.015, u_ =1 qac”,
U =095 uac” (re. ¢ =0.51 u 0" = 0.64).

CrnenoBarenbHO, MPU OLEHKE MapaMeTpoB IUIA3MUJCOJEPKAIINX IITAMMOB MHKpPOOpra-
HU3MOB JIB€ OCOOCHHOCTH HMX JUHAMHKH B XEMOCTATe JOJDKHBI OBITh YYTEHBHI: 1) M3MEHEHue
BpEMEHHU TeHeparnuu (Ma3MuIHbie — OeCIIa3MHIHbIC) U 2) W3MEHEHHUE KOHIICHTPAIUH CYO-
CTpara MpHU 3aMEUICHUH TUTa3MUJIHOTO IITamMma Oecria3MuIHbIM BapuaHToMm. [locienHee ka-
YECTBO OCOOEHHO Ba)KHO, TaK KakK B OOIIEM cllydae CeJEKTUBHBIA KOA(PHUITUEHT, Onpe1eICHHBII
B (1.2.2) 3aBUCUT OT KOHLIEHTpAIIMHN cyOcTpara B cpefe (MCKIIouYasi TOT PEIKUi ciydail paBHBIX
KOHCTAHT MOJIYHACBIIIEHUS JJIS TUIa3MHUIHBIX U OECIUIa3MHUIHBIX KJIETOK, TEM HE MeHee HalIo-
maeMblid U1 HeKoTopeix miasmug, (Wouters and van Andel, 1983)), a cnemoBaTebHO MOXKET
U3MEHATHCSA NPU 3aMENICHUH TUIa3MUAHON MOMYJISIUU O0eCIUIa3MUIHBIM BapUaHTOM. DTOT (akT
UTHOPHUPOBAJICS B OOJIBIIMHCTBE METOJOB, pa3pabOTaHHBIX JJIsl OICHKHU TUIa3MUIHBIX MapameT-
POB, XOTS PaBEHCTBO KOHCTAHT IOJYHACHIIIEHNUS OOBIYHO HEU3BECTHO a priori U NOJKHO OBITH

IPOBEPEHO B KAKIOM OTAEIBHOM citydae. Mpl, TakuM 00pa3oM, MpeioKUM HPOCTOM METOf,

KOTOPBIiA TTO3BOJIUT OICHUTD CEJICKTUBHBIN KOI(P(UIIHEHT B HaYajde o' ¥ B KOHIE O/~ KYJIbTH-
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BUPOBAaHUA, a TAKKC BCPOIATHOCTH MNMOTCPH INNIasMHIbI IIPpU JCIICHHUU. ,Z[J'I?I CiIydas, Korga KOH-

CTAHTLI MMOJTYHACBIIIICHUA MOT'YT OBITE NpCANOJIOXKCHBI paBHBIMU WUJIW, YTO UACHTUYHO, OC+ =0
MBI TIOJYYUM aHAJIMTHYECKoe MmpuOmmkeHne Monaenu (4.1.1), mo3posstomee ¢ 00JbIION 10CTO-

BEPHOCTHIO OLIEHUTh IapaMeTpPhl MIIa3MHUJICOIEPKAINX KIIETOK.
OO6wmmii cryvaii K # K . Haur Mmetos OCHOBaH Ha HMCIOJIB30BAaHUM HPUOIIDKECHUN KBa3H-

CTAllMOHAPHOI'O POCTa, HAOIIOIAEMOI0 B HauaJle U B KOHLIE KyJIbTUBUPOBaHUs (BbIpaykeHus 4.1.2
- 4.1.3). bonee TOUHO, MBI IIPEATIOIOKHUM, UTO XOTS TApaMETPhl MOJENHN 3aBUCAT OT KOHLIEHTpPA-
UM cyOcTpaTa, B CTAllMOHAPHOM COCTOSIHUM OHU BCE MPUOIU3UTENIBHO SIBJISIOTCS KOHCTAHTaMH.

B nanbHeiiniem Mbl Oy/1eM HCIIOJIb30BaTh J1BE YAOOHbIE XapaKTEPUCTHKU:

(4.1.4)
X1
X +X° 1+z

A€ z - OTHOIICHUE YHClIa 6CCHJ'I33MI/II[HBIX KJICTOK B IIOITYJIAIWU K YHUCITY IJIa3MHUACOACPIKAIINX
" n - J0JA INIa3MUACOACPIKAIUX KIICTOK B HNOMYJIAINN MUKPOOPraHU3MOB. C Y4€TOM 3THUX OII-

peneyieHnid IepBbhIe ABa ypaBHEHUs cHCTeMBI (4.1.1) MOTYT OBITh TIEpEenUCaHbl B BUJIC:

dz | OC(S)
E—u (s ?(S)Z-FTO(I-FZ) , (4.1.5)
% = 1 (SYer(S)z +7, (1+ a(S))1 + 2)]. (4.16)

3ameTnM, 4To 00a ypaBHEHHS SIBJISIOTCS TOYHBIMH, €CJIM IMHAMHKa CyOcTpara Takke Ipu-
HSITA BO BHHMaHUE, TaK KaK B OOIIEM CiIydae CeJIEeKTUBHBIN KO3(PPUIUEHT 3aBUCUT OT KOHIICH-
Tpauuu cyocrpara. OTMETUM, 4TO MOAOOHbBIE YpaBHEHUS (TOIBKO JUIsl IEPEMEHHOM #) ObLIH TO-
JTy4deHsl B psae npeamectBytomux padot (Caulcott et al., 1987; Cooper et al., 1987; Dunn et al.,
1995; Proctor, 1994).

Ouenka cejeKTUBHOr0 ko3¢dumuenta o -. CelnekTUBHBIA KOAI(DPUIMEHT TIa3MUIHE-

CYIIMX KJIETOK B KOHIIE KYJIbTUBHPOBAHUS MOXKET OBbITh OLICHEH, €CJIM MbI IPEIONI0KUM KBa3H-
CTallMOHAPHOE COCTOSIHUE, yAoBieTBopstoiee ycioButo (4.1.3). Torga npu u‘(S )z D ypas-

HeHue (4.1.6) mepenuchIBacTCs B BUJIE:



103

%za‘Dz+To(l—a‘Xl+z), (4.1.7)

Tac €ro p€uCHUC HAXOJUTCA IIPAMBIM HHTCTPUPOBAHUCM:

2(g)= 2, 2blebak | 2 Ltk ), (4.1.8)

ro+oc‘/(l—oc‘

rae g =In2/D - Bpems reHepaiuu B XeMocTtare. Tak Kak Mbl MPEAIoiaraeM, uro z >> 1, Mbl
MOKEM MpeHeOpeuYh BTOPHIM 4YICHOM B BbIpakeHUU (4.1.8), U Takum 00pa3oM, Mbl HAXOIUM

OLIEHKY Ui o~ (pu 7, << 1)
Inz(g)=InC+o gln2. (4.1.9)

(3amMeTuM, 4TO TaK KaK Ha caMOM Jielle Mbl OLIEHMBaeM IMapaMeTp o +7T, (l—oc‘), anmnpoKCHU-

marus (4.1.9) obecrieunBaeT MaKCHMAIbHYIO OIIEHKY CEJICKTUBHOTO KO3 PUITMEHTA).

[Tono6Hoe BhIpaxeHue ObUIO MPEUI0KEHO paHee /ISl OLICHKU CEJIEKTUBHOIO MPEUMYIIeCTBa
¥ BEPOSITHOCTH TIOTEPH TUTa3MUIBI (TIOCIeIHee HEBEPHO M0 psiay mpudnH) B psie pabot (Cooper
et al., 1987; Ileuypkun u np., 1990; bpunaskoB u ap., 1990), a Taxke Il OIICHKA Pa3HUIIBI B
CKOpPOCTSIX pOCTa HMCXOJHOTO M MYTaHTHOTO IITAMMOB IPH KYyJIbTHUBUPOBAHWU B XEMOCTaTe
(Dykhuizen and Hartl, 1983; Moser, 1958). Takum 06pa3om, anmpoKCUMUPYS SKCTIOHEHTOU OT-
HOIIICHHE OecTIa3MHUIHBIX KJIETOK K TUIa3MUACOAEPKAIMM (IIPpU z>>1) MBI € JIETKOCTBIO MOXKEM
OILICHUTDH CEJICKTUBHOE MPEUMYIIECTBO OECIUIa3MHUIHBIX KJIETOK (¢ , KOTOPOE MPOMOPLHOHATIBHO
TaHTeHCY yIjla HAKJIOHA KPUBOH z (B JOrapu(pMUUECKUX KOOpJAMHATAX). AHAJIOTUYHBINA PE3yib-
TaT JUIs XeMOCTAaTHOTO KyJbTHBHPOBAaHUS ObUI Takke HaiineH B paborax (Caulcott et al., 1987,
Cooper et al., 1987; Proctor, 1994) u mst nepuoguveckoro KynbTuBupoBanus (Boe, 1996; Boe
and Rasmussen, 1996). OTmeTnm, 4TO HUCIOJIB30BaHKE TiepecedeHus KpuBoi (4.1.9) ¢ ockio op-
JTUHAT A715 olleHKH napaMeTrpa C He MOKET OBITh MCIIOJIB30BAHO ISl OLIEHKH BEPOSTHOCTHU MOTe-
pH IIa3MHUIIBI T, Kak 3To ObUI0 mpuMeHeHo B pabotax (BpuibkoB u np., 1990; Caulcott ef al.,
1985; Cooper et al., 1987), Tak kak npubamxeHue crarmonapuoro pocra (daza V), mpeamnomno-

JKEHHOE /ISl BBIBOJA BhIpaKkeHUs (4.1.9) SBISETCS TOYHBIM TOJBKO MPHU OOJBIION YUCIEHHOCTH

OecIuIa3MUIHBIX KJIETOK (IKCTpamnosius z < 1 He BXOIUT B 3TO MpuoOImkeHue). B mononnenwne,
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KaXXCTCsI HCJIOTMYHBIM OLICHHWBATH BCPOATHOCTH IMOTCPHU IIa3MHUABI, KOI'Ja YHMCJICHHOCTHU ILIa3-
MHUJHCCYIIUX U GCCHJIaSMI/I,Z[HBIX KIJIICTOK OAWMHAKOBBI 1 OCHOBHBLIM IIPOLIECCOM, BOBJICUCHHBIM B

MU3MEHEHHE JTOJM OECIUTa3MHUIHBIX KJIETOK B IOMYJISAIINH, SBISETCS KOHKYPEHIINS KIIETOK 3a Cy0-
cTpaT (xapakTepusyemas Ko3(hHUIIUESHTOM O~ ).

OueHKa CeJeKTHBHOr0 Ko3(pduuueHTa ¢° ¥ BEPOSITHOCTH MOTEPH IIAZMUABI T, .
AHAJIOTUYHO TPEIBIIYIIeMy PUMEPY MBI PACCMOTPUM KBa3H-CTAIIMOHAPHOE COCTOSHHUE B Xe-
MocTaTe, Korja OOJIBIIMHCTBO KIIETOK SIBJISIIOTCS TUIA3MUICOAEPKAIIUMU, T.e. z << l. IIpearmno-
narast ‘LL+(S )z D wu, cnenoBatenbHO, ypaBHeHHUE (4.1.6) MOKET OBITh PEIIEHO MPOCTHIM HWHTET-

pPUpPOBaHUEM:

_ [‘rwa*/(l—zx*)]g TO [‘f<)+0f+/(1_0‘+ )k _
z(g)=z,2 +To+a+/(1_a+)(2 1), (4.1.10)

I7I€ MBI 3aMETUM, YTO 3TO YPaBHEHHUE OTINYAETCS OT BbIpaxkeHus (4.1.9), nomydeHHoro st o .

O‘IGBI/I,Z[HO, 4TO CCJIM HavalibHass KOHICHTpAlHA 6CCHH33MI/I,Z[HBIX KJIICTOK HE ABJIACTCA Hy.HeBOI‘/JI

(z, >0), mapameTp T, HEe MOXET OBITh OMpeeseH ¢ GONBIIOH TOYHOCTHIO (ecian T, <O, 9TO

BEPHO T OOJBIIMHCTBA OaKTepUaIbHBIX PeKOMOMHAHTHBIX Tiazmu, (Duetz et al., 1991)). Un-
TYUTUBHBIA apryMEHT I 3TOTO aHAJOTHYEH NPEAbIAYIIEMY: IPU HEHYJICBOM HadallbHOW KOH-
[EHTpaluy O0eCIUTa3MUIHBIX KJIETOK U JOCTATOYHO OOJBIIIOM CEJIEKTUBHOM KO3 (dUIlMeHTe yBe-
JMYEHUE YUCIICHHOCTH OECIUTa3MHUIHON TMOIMYIISIUU OyIeT MPOUCXOIUTh 33 CYET SKCIIOHCHIIU-
TBHOTO pocTa (KOHKYPEHIINH), a HE 3a CUET MOTepPH IUIa3MUJI IJIa3MUJICOEPKAIIMMH KJIeTKa-
mu. CrenoBaTeabHO, UTsl OIICHKH CTOMMOCTH TUIA3MHUABI M BEPOSTHOCTH MOTEPH IJIa3MHIbI MBI
MPEINONIOKUM, YTO HaYadbHAs KOHIIGHTpAIWs OECIIa3MHIIHBIX KJIETOK SIBISETCS Majoun

(z, = 0); Torna norapupmupys Beipaxkenue (4.1.10) mbl HaxoIUM:

an(g)’: In T (1 —+OC+) - +11’1(2[T°+(X+/(1_a+)]g _1) (4.1.11)
%ﬁ—a +a

OtmeTHM, 9TO B 00LIEM CITydae mapaMeTpbl ¢ U T, HE MOTYT OBITh ONPEACICHBI U3 MPO-

CTOM JIMHEWHOMN pEerpeccud, a, CIEeI0BATENbHO, I UX OLICHKU HEJIWHEWHAs PErpeccus J0JHKHA

OBITH MCIIOJIL30BAaHA. O,Z[HaKO, €CJIM MOXKHO INPEAIIOJIONKNUTE HC3aBUCUMOCTb CCIICKTHUBHOI'O KO-
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s¢duurenTa oT KOHIEHTpauu cybcrpara B cpene (o7 =0~ = o) U eClid BEPOSATHOCTH MOTEPU

JIa3MUA/JIbl 3HAYUTEIIBHO MEHBIIE CTOMMOCTH IUIa3MUbI, T, MOXKET OBITE HaﬁHeHO, HCIIOJIB3Ys

MPOCTYIO JTUHEUHYIO PETPECCHUIO:

Inz(g)=Int, +lnw+ln(2“/(l_“)g ~1), 4.1.12)
o

T7Ie CEJICKTUBHOE MPEUMYINECTBO ¢¢ = ompezaeneHo B (4.1.9). U3 ypaBaenus (4.1.12) mbl Tak-
K€ MOYKEeM TIPEUIOKUTH BTOPYIO BXKHYIO XapaKTepUCTUKY 7, (B JONMOJIHEHHE K BPEMEHH IIOJTY-
SMUMMHAIMU TIa3Muf 7),,, ONPENEeNICHHOro B IyaBe 3) - BpeMs, KOrja Majoe 4ucio Oec-

MJIA3MHUJIHBIX KIETOK z (z <<1) MOSBUTCS B W3HAYAJIHLHO TOMOTEHHOW MOMYJISAIUU TUIA3MH/I-

COACPIKAIICTO IITaMMa.:

1 (1-a) z-o
0= In
In2 « 7,(1-a)

(4.1.13)

rae Tp MaHO B TeHepalusx IUla3MuHecyniero Bapuanrta. Puc. 4.1.3 npeacraBiser OCHOBHBIE

CBOWCTBA BpeMeHHU 1, NMpH M3MEHEHHM NapaMeTpoB ¢/ W T, B JUama3oHe Hambosee MpaBo-

IMOAOOHBIX OMOJIOTMYECKUX 3HAUYCHUI.

Ty To

100
50

1.x107 ¢
100000.
10 1000

10

)

0.1 ¢

‘ ‘ ‘ r, 0.001 b ‘ ‘ ‘ ‘ s g
1. x107 0.00001 0.001 0.1 0 0.2 0.4 0.6 0.8 1

Puc. 4.1.3. Bpemsa nosiBneHus manoro uucia z =5% OecruiasMUIHBIX KIETOK MPU KYIb-
TUBUPOBAHUM M3HAYAIbHO FOMOIE€HHOIO IIa3MHJICOAEPXKAIIEr0 LITaMMa B XEMOCTaTe B COOT-
BeTCTBUU C BeIpakeHueM (4.1.13). Jlessiit rpaduk (cBepxy BHU3): « = 0.1, 0.3, 0.5, 0.9. [IpaBsrit
rpaduk (camsy BBepx): 7, = 0.1, 107, 107, 107°.

JIBa MHTEpecHbIX HAOJMIOACHHS CIeAyIOT U3 aHainu3a puc. 4.1.3. Bo-mepBwix, Bpems cTa-
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OunbHOrO mozzepkanus miaasmun (7,) Bo3pacTaeT 3KCIOHEHIMAIbHO C YMEHBIIEHHUEM BEpO-
ATHOCTH 006pa30BaHus OeCIIa3MUAHON KieTku T, (1o Kpaiineit mepe mpu T, <107, uto BepHO
JUISE MHOTHX TIpUpoaHBIX Tuiazmug (Boe, 1996)), Gonee Toro, sTa CKOPOCTh BO3pACTaHUS TPAK-
TUYECKH HE 3aBHCUT OT CENEKTUBHOTO Kod(pdunuenrta (B mepBoM npulOmmkeHuu). C apyroi
CTOPOHBI, MPHU JOCTATOYHO OONBIIHMX (¢ CKOPOCTh IIMMHUHAIMHU TUTA3MHJICOACPIKAIIETO IITaMMa

BO3pacraeT MHOrokparHo. Hanpumep, 7 (OC = 0.1) =~ 200 renepaumii, Toraa kak 7 (oc = 0.9) =4
reneparuu (mpu 7, ~107).
Bo-Bropeix, npu o > 0.5 mnazmMuaHecymue OakTepuu HE MOAJIEPKUBAIOTCSA B XEMOCTaTe

JlaKe TIPU MCUE3aI0IEe MAIBIX T, = 107", Bonee Toro, pa3zHHIA MEKIY BPEMEHEM MO ACpKAHUS
IITAMMOB C pa3HbIMU T, CTaHOBUTBCS HEPA3IMYMMOM IPH BBICOKHX CEJIEKTHBHBIX KOA(]-

duIeHTax, 4To 03HAYaeT, YTO STUMHUHAIMS IJIa3MHUICOAEPKAIINX KIETOK OCYIIECTBISIETCS B
OCHOBHOM 0J1arojiapst KOHKYpEHIIH ¢ OecTia3MUIHBIM BapuaHToM. Koria e ceeKTHBHBIN KO-
s duULMeHT SBIsgeTCs 0ECKOHEYHO MaibiM ¢ = (), YTO BO3MOXKHO JHOO MPU MaIoi KOMUIHOCTH
TUTa3MUBI, JTUO0 MPU HEBBICOKOW IKCIPECCHUU TUIA3MHIHBIX T€HOB, MJIa3MHUIBI MOTYT IMOAJEP-

’KMBATbCSl BUPTYAJIbHO JIOJI0, TaK Kak BpeMms I, AOCTUraeT OECKOHEYHO OOJbIIMX 3HAuYCHHH

(3TO yTBEpXKIEHUE TaKXKE BEPHO, €CIIM OTPaHUUEHUE T, << O HE BBINOJIHAETCS, ['aHyCcOB U 1p.,

2000).

3Has Bpems 1, U 4MCIO OECIIa3MHUAHBIX KIETOK K 3TOMY BPEMEHH Zz , MBI MOXEM C JIeT-

KOCTBIO OLIEHUTh BEPOSATHOCTh 00pa30BaHus OECIIa3MHUIHON KIETKH T, U3 HEIMHEHHOTO ypaBs-

0

uenus (4.1.11) mpu u3BeCTHOM ¢ =~ , AHAIIOTUYHOE BhIpakeHuto (4.1.12):

T, = 2LE pelt-aly (4.1.14)

(1-c)

[TomoGHOE BbIpa)keHUE MOXKET TakkKe ObITh HalJIeHO NPU KYJIbTUBUPOBAHUH OAaKTEpHii B ce-

puu naccaxeit B nepuonnueckor KynbType (Ganusov and Brilkov, 2001; He moka3aHo):

T, ~ o-z o/

(I-a) ’

(4.1.15)
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rae d - dakrop pazbapnenus (066r9HO d =107 —107*) u N - 4mciO TOCTEOBATENBHBIX MAC-
CaXel, NpU KOTOPBIX 4YHUCIO Oecrula3MUAHBIX KIETOK paBHseTca z (A7 OnucaHus
“koHKypeHTHOro” 3kcniepuMenTa cM. (Levin et al., 2000)). Beipaxenue (4.1.15) sBnsercss o4eHb

yI00HBIM Ul OLIEHKH IapaMeTpa IUIa3MUAHECYIUX OakTepuil T, B dKCIIEPUMEHTaxX, IPOBE/IEH-
HbIX B mnepuoanueckor kynbrype (b. JleBuH, mepconanmbHOe coobuienue). Hampumep, mpu
a=0.1,d=2-10" (pasenenue 1:500), z=1% u N =10 (mImTeTLHOCTH SKCTIEPUMEHTa = 10

JTHEH) Mbl HAXOJJUM BEPOATHOCTb MOTEPU IU1a3Mupsl 7, =1.1- 107°.

Puc. 4.1.4. BepositTHOCTh 00pa3zoBaHus OecCIUIa3MUAHOW KJIETKH TIpH mosBieHuH z=10%
OecrIa3MUIHBIX KIIETOK MPU KYIbTUBUPOBAHUY TLIA3MHUJICOIEPKAIIETO IIITAMMA B TIEPUOJIUKE B
COOTBETCTBUU C MPEUIOKEHHBIM B MaHHOU padote (4.1.15) u boe (Boe and Rasmussen, 1996)
onenkamu. HenpepwiBHast muHus - (Boe and Rasmussen, 1996), mtpuxoBas (MajieHbKUE IITPH-
XH) - Hame npubmpkenue (4.1.15), muUpokue MTPUXH - UCIIOJIB30BAaHUE MPUOMMDKEHUN . . . H

[

[TomoOHBIN METOA HAXOXKICHHs MapaMeTpOB IUIA3MHUACOACPIKAIIUX IITaAMMOB MHUKPOOP-
TaHU3MOB B NEPHOAMYECKON KyJIbType ObUI Takke MPEANPHHIT B OJHOW M3 HENAaBHUX paboT
(Boe, 1996; Boe and Rasmussen, 1996). ABTopbl pa3zpaboTanu AUCKPETHYIO MOJEb mpounde-
paruu MIa3MUACOACPKAIIUX KIETOK B MEPUOTUYECKON KyIbType ISl CiIydas, KOrJa BpeMeHa
TeHepalny TUIA3MUIHBIX U OSCIIa3MUIHBIX CYO-TIOMYJISIHA He SBISIOTCS PaBHBIMH (WM B Ha-
mux o0o3Ha4YeHusx . . . ). HecMoTps Ha To, uro pe3ynbTar boe ObLI momyueH mist Iuc-

KPETHOTO pocTa OakTepuil B MEPUOIUYECKON KyIbTYpe, Mbl MOJIYYMIH MPUOTMKEHHO >KBUBA-

’ Ota OLICHKA SBJISCTCS MaKCUMaJIbHOM.
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JICHTHBIE OLEHKH Ul IapaMeTpoB . U .  , 4TO M300paxeHo Ha puc. 4.1.4. OtmeTrum, uto Boe

and Rasmussen (1996) oneHuBanm mapameTpbl (BeposTHOCTH 0Opa3zoBaHUs Oecruiaz-

MUJHOU KJIETKU MpHU JAEJICHUH IIa3MUACOAepKallen) u (oTHOILIEHUE BpEMEH Te-
HEpaIuy MIa3MHUIHECYIIEro 1 Oecriia3MUIHOTO ILTaMMOB), KOTOPBIE, OYEBUIHO, HIMEIOT IPSIMOE
COOTBETCTBUE C MapaMeTpamMu, OLIEHUBAEMbIMU HAIIIUMH METO/IaMHU.

YacTHelii cayyait . . . | . [loxpoOHblil aHanu3 psaa SKCIEPUMEHTAIBHBIX JAaHHBIX,
MIPOBEICHHBIN B JaHHOU pabote (cM. nanee) u psane apyrux (Caulcott et al., 1987; Duetz and van
Andel, 1991; Dunn et al., 1995; Godwin and Slater, 1979; bpuibkos u ap., 1990) noka3sbiBaer,
YTO CEJIEKTUBHOE MPEUMYILECTBO OECIUIa3MUIHBIX KJIETOK YacTO 3aBUCUT OT YAEJIbHOI CKOPOCTH
pa3baBieHHs Ccpeabl B XeMocTaTe, a, CIel0BaTelIbHO, OT KOHLUEHTPAIMH JTUMHTHUPYIOIIETO POCT
cyoctpata. OHAKO MOXHO MPEANOJIOKHUTh, YTO MPHU KYIbTUBUPOBAHUU B XEMOCTATe IJIa3MUJ-
coaepanmx OakTepuil ¢ ONpeAeIeHHON CKOPOCThIO POTOKA cpelbl D, CEIeKTHUBHBIN KOApu-
[UEHT HE U3MEHSETCS 3HAUUTENbHO MPU 3aMENIeHUH TUIa3MUAHON MOMYSUUN OeciIa3MUIHbBIM
BapuaHTOM. Toraa MOXXHO HPEATONIOXKUTH, YTO const. IIpu MOCTOSIHHOM Celek-
TUBHOM Kod(ddunmente ypapaenue (4.1.5) (wnu (4.1.6)) MOXKeT OBITH PEUICHO aHATUTHYECCKH.

Tak xak ypaBHeHue (4.1.5) coaep>kKuT HeU3BeCTHYIO (PyHKUHIO . . , , HauOoJee MHUPOKO MPH-

MEHSIETCS MPUOIIKEHUE . . , . » JJIS HAXOXKJEHUs ero aHanutudeckoro pemenus (Cooper et

al., 1987; Davidson et al., 1990; Dunn et al., 1995; Lenski and Bouma, 1987; Proctor, 1994), ko-

TOPOC MOKET OBITh BBIPAKCHO UCPEC3 JOJIIO TIa3MUACOACPKAIIUX KIICTOK B XCMOCTATC 7.

(4.1.16)

rae . - .., Hu / . Onenka napametpoB BbIpakeHus (4.1.16) npoBoauTcst MeTonaMu

0

HenuHenHo# perpeccun (Davidson et al., 1990; Dunn et al., 1995; Proctor, 1994). OcHOBHBIM
HesocTaTkoM perienus (4.1.16) sBusercs (akT, 4TO OHO HE YUUTHIBACT U3MEHEHHUE BPEMEHH Te-
HEepaluy B XeMOCTaTe OT IUIa3MHUIHECYIUX KJIETOK K OeCIUIa3MUHBIM KJIETKa (CM. BBIIIE), KO-
TOpPOE CTPOr0 TOBOPsl 3HAUUTENBHO IPH . . Ecimm ke cenekTtuBHBIM KO3((UIIMEHT Ma

., TO OLEHKa MapaMeTpoB B COOTBETCTBUU C BbIpakeHHeM (4.1.16) moctaToyHO TOYHA
(Dunn et al., 1995).

Mp&I TeM He MEeHee TIpeiaracM ajabTePHATUBHBIN U O0Jiee AJIeTaHTHBIN CIIOcOo0 OLICHKH . |
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. ., KOTOpPBIH YYNTHIBACT N3MEHEHNE BPEMEHH T'€HEepaly B XeMOCTaTe U ObUT paHee MPeIoKeH
JlyeT3oM 1 BaH AHZEIOM Ul OLIEHKH CElIeKTUBHOro koddduuuenta npu . - . (Duetz and van

Andel, 1991). [{ns 5TOTO MBI 3aMETHM, YTO MOCIE HavYaIbHOU (ha3wl poaudepanuu mia3MuHe-
cymux kietok (¢asza I Ha puc. 4.1.1), ¢ppakuus mIa3MUIHON MOMYISALNUN 7 TIOJYUHSETCS ypaB-

HCHHIO:

(4.1.17)

Torma BeIpakass CKOPOCTh POCTa OECIUTa3MHUIHBIX KJIETOK u3 ypaBHeHHs (4.1.17) mbl Ha-

XO0UM YpPaBHCHUC HAa JUHAMUKY OOJIN 6eCHJ'Ia3MI/IIIHOFO BapHaHTa B HNOMYJAIIMU MHKpPOOpra-

HU3MOB ,

— / : (4.1.18)

KOTOpOE€ IIpH . . - . COBHAJaceT ¢ paHee npepioxkeHHbIM (Duetz and van Andel, 1991). Pemenne

ypaBHeHUs (4.1.18) HAXOAUTCS PSIMBIM HHTETPUPOBAHUEM:

(4.1.19)

Kak u B mpenpiaymiem ciydae, AJis OIEHKH MapaMeTpPOB TUIa3MHUIHECYIIUX KIETOK HEe0O-
XOJIMMO HCIOJIb30BaTh HEJIMHEHHYI0 perpeccuto. Otmerum, 4to B pemeHuu (4.1.19) nckomas
byHKIIUA , ., 3a7aHa HESBHO.

Oepanuuenus u npeumyujecmsea memooos oyenku napamempog. Kak ObU1o yIOMSHYTO BBI-
e, BCE paHee MPEeJIOKEHHBIE METOJIbI OIEHKH MapaMeTPOB TUIA3MHUIHBIX KJIETOK MOXHO YC-
JIOBHO Pa3IeTUTh HA 2 TPYIIIBL:

e lcnonp3yromniye JTUHEHHBIE anpPOKCUMAIUA UCXOaHOW Moaenu (4.1.5)-(4.1.6) wim pe-
menus (4.1.16) (Boe et al., 1987; Boe and Rasmussen, 1996; Caulcott et al., 1985;
Cooper et al., 1987; Duetz et al., 1991; Dunn et al., 1995; Impoolsup et al., 1989; Lenski
and Bouma, 1987; Proctor, 1994; Tolker-Nielsen and Boe, 1994; Walmsley et al., 1983;
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bpunekoB u ap., 1990). OCHOBHBIM HETOCTATKOM 3THX METOJIOB SIBJISIETCS MMPUMEHECHUE

JUHEHMHOU PErpecCuu I OLICHKU BEPOSATHOCTH MOTEPHU IUIA3MHUIBI . = IPU 3HAYUTEIIb-

HOM KOHIICHTpalMKM OECIUIa3MUIHBIX KJIETOK, YTO MPUBOJUT K 3HAYUTEIHHOW TMOTPEI-
HOCTHU B OIICHEHHOM 3Ha4yeHHH (HE TTOKa3aHO).

e lcnonp3yromue npubamkeHHoe perieHue (4.1.16). 3aech ommbKka B OIIEHKE BO3pacTaeT
MHOTOKPATHO TSI TUTa3MUJ C OOJBIION CTOMMOCTBIO, TaK KakK (DaKT CMEHBI BpEeMEHU Te-
HEpaluu B XEMOCTaTe: CO BPEMEHHU TECHEpallud IJIa3MHJICOACPKAIIUX KJIETOK (Hadaio
KyJIbTUBHPOBAHUS) K BpEMEHH TeHepauu O0ecrIa3MUIHBIX KIETOK (KOHEI KyJIbTHBUPO-
BaHms) He yunThiBaeTcs (Davidson et al., 1990; Dunn et al., 1995; Lenski and Bouma,

1987; Proctor, 1994; Walmsley et al., 1983).

IIpuMeHeHne MeTOA0B K CHMYJHMPOBAHHBIM JaHHBIM. /{151 Oojee yOenuTenbHON me-
MOHCTpAIIMH HEJIOCTATKOB METOAa HeMWHEeWHOW perpeccuu (4.1.16), KOTOpBIN cUMTaeTCs HaW-
0oyiee TOYHBIM K HacTosIeMy BpeMeHHu (cM. muckyccuro B (Dunn et al., 1995; Proctor, 1994))
MBI TEHEpUPOBaIM 2 HAOOpa JaHHBIX M3 YHCIECHHOTO perieHus moaenu (4.1.1) mpu aByx mpu-

OmMKEHUAX « = - « - U « . « . Ilapamerpsl, UCIIOIB30BAHHBIE U CUMYJIHMPOBAHHBIX JaH-

HBIX MJCHTUYHBI apameTpaM, IPUBEICHHBIM B MOANKUCH K puc. 4.1.2. Mbl ucnonap3oBaiu 3 oc-
HOBHBIX METOJIa OLIEHKHU MapaMeTpoB: 1 — METOJ] HEIMHEWMHOW PErpeccuu B COOTBETCTBHUHU C Pe-
menueM (4.1.16); 2- MeTo1 HEMMHEWHON PErpeccuu B COOTBETCTBHH C pemieHueM (4.1.19); 3 —

nauHeitHoe npubmxenue (4.1.11) ans ouenku . u . . u 3a — nuHelHoe npubnmkenue (4.1.9)

u (4.1.12) pnsa ouenkn .~ wu . (mpepnoniarast. - . ). Jlus nuHEMHON M HeNMHENHHOMN perpec-

CHH MBI HCIIOJIb30BANIN nporpammy “Marematuka” (Wolfram, 1990). PesynbTarel aHanu3a npu-

BeneHsl B Ta0mune 4.1.1.

Cayyait . = . . | W . O4eBUAHO, YTO BCE TPU METOAA, IPEITI0KEHHbIC B JJaH-

s

HOI paboTe AJOCTATOYHO YETKO OMPEETSAIOT CEIEKTUBHBIN KO (PHUITMEHT U BEPOSTHOCTH OTEPH
TUTa3MUJIBI, €CJIH CENIEKTUBHBIN KOA((UIIMEHT He 3aBUCUT OT KOHIICHTPAIIMHU CyOCcTpaTa B cpeje.
HanportuB, MeTo HENMHEHHOW pPErpeccrH, UCIOJIb30BAHHBIA PSAOM JIPYrUX HCCIENO0BaTeNei
(Davidson et al., 1990; Dunn and North, 1991; Lenski and Bouma, 1987), naetr 3aHuXeHHYIO
OIICHKY JIJIS CEJIEKTUBHOTO KOd(DPHUIIMEeHTA U 3aBBIIIICHHYIO JJIT BEPOATHOCTH MOTEPH TLTA3MU/IBI.
DTO CBS3aHO C HEYYUTHIBAHUEM CMEHBI BPEMEHU IeHepalliy B XeMOCTaTe MPHU 3aMEIICHUH TIa3-
MHUJIHOTO ITamMMa Ha OecIuia3MUIHBIA BapHaHT (Kak 00CYXmanoch BeIie). OqHaKo AJIT MaJIbIX

METOJ 1 JacT JOCTAaTOYHO Onu3Koe ¢ HUCTUHHOMY 3HAYCHUC.



Raat3d
AT

oY aVla't
IV alat:

AN IO AV TN A Iy CTUOY
la:allac ik ltaVTa gt a'Na alla e By kallae -a' (Vo alas i :alla (h ta')

111

Tabmn. 4.1.1. Ouenka napamMeTpoB IUIa3MHUIHECYIETO IITaMMa i ABYX HAaOOPOB JAaHHBIX,
TEHEPUPOBAHHBIX M3 YMCIEHHOI'O pEIIEeHUs] OCHOBHOM Mmaremaruueckoi mozenu (4.1.1). Ila-
paMeTphl, UCIIOJIb30BaHHbBIE I T€HEPALUN AHHBIX, aHAJIOTMYHBI IPUBEJEHHBIM B IOJIUCU K

pucynky (4.1.2): « . - . - S €15 , u

s

« ' (ocTanpHble MapameTprl cM. puc. 4.1.2). Onucanue METOA0B JaHO B OCHOBHOM TEKCTE.

0

Henunelinpiit MeTon 2, UCHOMB3YOMKK TOYHOE pemrenne mozaenu (4.1.1) mpu ,
obecrieunBaeT HauOOJIEe TOYHYIO OIICHKY KakK ISl CeJIEKTUBHOTO KO3 (UIIMEeHTa, TaK U IS Be-
POSITHOCTH TIOTEpH TuTa3Muabl (Tadm. 4.1.1), kak Mo CpeqHUM 3HAYCHHSIM, TaK U CTaHIAPTHBIM
OTKJIOHEHUSIM.

OueHka napamMeTpoB MeToaaMu 3 U 3a, UCHOJIb3YIOMIMMH TOJIBKO YacTh SKCIEPUMEHTAIIb-
HBIX JAHHBIX (HayaJbHbIE 5 U KOHEYHbIE 4 TOYKHM) TaKXkKe JaeT AOCTATOYHO OJM3KHUE 3HAUCHUS
npu . OngHako, 3TOT pe3yJbTaT HE CIAeAYyeT MEepPeOlEeHUBATh, TAK KaK OCHOBHAs IpPO-
Onema TakuxX METOOB (Tak W JJsl MEeToJ0B, pa3padboTanHbix B (Cooper et al., 1987)) 3akmoya-
eTCs, B TOM, 4YTO YHCJIO TOYEK, UCTHOIb3YEMbIX JJISi PETPECCUU JTOJKHO OBITh ONPEAENIEHO 3KC-
MEPUMEHTATOPOM, U COOTBETCTBEHHO, MPEJCTPacTHO. boyiee TOro, Takue METOlbl OOBIYHO 00-
Jaa0T OOJBIION MOTPEUTHOCTHIO B ONpPEAEICHUH MapaMeTpOB B CPaBHEHHH C HEJIMHEHHBIMU

MCTOdaMH, NUCIIOJIB3YIOIIUX BCC OKCIICPUMCHTAJIBHBIC TOUKHU (CM. ;Lanee).

Caywair . = . wim . OTOT cllydail JEMOHCTPUPYET HECOCTOATEIbHOCTh

s

OOJBIIMHCTBA METOJIOB OOECIEUYUTh OCTATOYHO TOYHBIE OIEHKU JI CEICKTHBHOTO KO3 (du-
[IMEHTAa ¥ BEPOSTHOCTH IMOTEPH IasMuabl npu aeneHun (cm. Taodm. 4.1.1). Ilpocreiimee 00b-
SCHEHUE 3TOMYy (EHOMEHY SIBJISIETCS TO, YTO METOAbl | W 2 TONy4eHBl B MPHUOIMKCHHUH

, KOTOpOE HE BEPHO I TEHEPUPOBAHHBIX JIAHHBIX. IHTEPECHO OTMETUTH, YTO METOJI
2 1aeT OIEHKY CEJICKTHBHOTO KO3 (UIIMEeHTa, KOTOpask MPUOIM3UTEIILHO SBIISCTCS CPEIHEH Me-
KAy U3BECTHBIMH . ¥ . . ETUHCTBEHHBIH METOJ, C MOMOIIBI0 KOTOPOTO HanOoliee TOUHBIC

OLIEHKH TapaMeTpoB . , . W . ObUIM HOJY4YCHBI, OKA3aJICs METOJ 3; OAHAKO IOJIyYEHHBIE

3HAYEHHS OBUIM YyBCTBUTEIBHBI K YHCIY TOYEK, HCIOIb30BAHHBIX JUIS PErPEeCcCHH (BKIIOYEHO B
CTaH/IapTHOE OTKJIIOHEHUE).

3akarovyenue. Mpl cuMTaeM, 4TO 3TU PE3yibTaThl MOKA3bIBAIOT, YTO OIEHKA MapaMeTpoOB
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IUIa3MUICOACPKAIINX IITAMMOB, PACTYIIUX B XEMOCTATe MPH KOHTPOJIUPYEMBIX (110 CPaBHEHUIO,
HaIpuMep, ¢ NEPUOAUKON) YCIOBUSIX, SIBISETCS HE TAaKOM YK NMPOCTOH 3aaaueil, Kak CUMTaIoCh
panee (Boe and Rasmussen, 1996). Bo-tiepBbiX, a priori He U3BECTHO 3aBUCHT JIU CEJICKTHBHBIN
KO3(QPHUIMEHT OT KOHIIEHTPALUU CyOcTpaTa Wi HeT (3aBUCHMOCTh .  OT CKOPOCTH IIOTOKa cpe-
bl B XeMOcTaTe ObUTa OmpefeNieHa Ui psaa Tula3MuaHbIX mTammoB, (Caulcott et al., 1985;
Duetz and van Andel, 1991; Godwin and Slater, 1979)). 1 Bo-BTOpBIX, MPUMEHEHHUE METOIOB,
UCTIOJIB3YIOUIMX TOJIBKO YAaCTUYHBIC JAHHbIE, YAaCTO TAKXKE SBJSETCSA MEPEMEHHOM W MOXKET 3Ha-
YUTEJIbHO U3MEHUTH Pe3yabTUpYIOIIKE OlleHKU. Hala pekomeHianus TeM He MeHee 3aKIII0YaeT-

Cs B HaYaJIbHOM MPUMEHEHUU MeTo/a 3 (perpeccusi HauajdbHbIX U KOHEYHBIX TOYEK), JAIOIIEro
OLlGHKy Ha. ,. H.  ,a3aTeM, €ClI1 CEIEKTUBHBIN KO3(DPUIINEHT CTATUCTUYECKHA OJIUHAKOB B

HayvaJe ¥ KOHIE KyJbTUBUPOBAHHUS, 00Jiee TOUHAS OIIEHKA MOXET OBITh TOTy4YeHA C MCIIOJIh30Ba-
HIEeM MeToda 2. OTMETHM TakKe, UTO JUIST TOYHOM OIIEHKH METOJOM 3 UHCIIO TOYEK B Hadaie
(mpu ) U B KOHIE (IIpH ) KYJIbTUBHUPOBAHUS JIOJDKHO OBITh 3HAUUTEIBHBIM,
WHAYe CTaHAapTHAs OIIMOKA B OIEHEHHBIX 3HAYCHUSX SBISETCS OOJBIION (CM. anee).
I[IpumeHeHNe MeTOA0B OLIEHKH NMapaMeTPOB K IKCIEPUMEHTAJBHBIM JaHHbIM. [ 'eHHO-
WHXCHEPHBIC IITaAMMbl MUKPOOPTaHHU3MOB, COJEpXKalllie PEKOMOWMHAHTHBIE IJIa3MHUJbI, YaCTO
OKa3bIBAIOTCS HECTAOMJIBHBIMH TP JUIMTEILHOM KYJIbTUBUPOBAHUH B HENPEPHIBHOIN KYIbType
(boporun u ap. 1985; [euypkun u np., 1990; ITonosa u mp., 1992; Wouters & van Andel,
1979). B 6onpmHCTBE CllydaeB, U3BMEHEHUE YCIIOBUM KYJIbTUBUPOBAHUS, KaK HAPUMEDP YIC/b-
HOM CKOpOCTH pa30aBlieHUsI Cpeabl B XeMocTaTe D, TeMIeparypbl, TUMUTHPYIOIIETO pocT (ak-
TOpa U T.II., CYIIECTBEHHO BJIMSET Ha JJIUTEIbHOCTh MOAJEPKAHUS TUIa3MHUICOAECPKAIINX KIETOK
KakK B XxeMocTare, Tak u B Typougoctare ([lomosa u ap., 1992; I'puiiok u np., 1999; Duetz & van
Andel, 1991; Duetz et al., 1991; Wouters et al., 1980, 6onee moapo6Ho cm. [leuypkun u np.,
1990). Hanpumep, emie ¢ 80-x rof0B U3BECTEH MapagoKcaIbHbIN 3 (PEeKT, YTO MpHU HU3KUX CKO-
POCTSX MPOTOKA Cpelibl B XeMOCTaTe MIa3MUAHbIE IITAMMBbI MTOAJIEPKUBAIOTCS B KYJIBTYpE BCETO
HECKOJIBKO TeHepaIuii, Torjaa Kak Mpu BBICOKUX CKOPOCTSIX MPOTOKAX Ja)Ke MOCTEe HECKOIbKHUX
NECSATKOB TeHepaluil Oecryia3MHIIHbIE KJIETKM He HaOoJaeMbl B TMOMYJSIUN OakTepuii
(Brownlie et al., 1990; Kleinman et al., 1986; Noack et al., 1981; Wouters et al., 1980). [Tpuuu-
HBbl TAKOTO 3HAYWUTEIHHOIO M3MEHEHUS B CTAOMJIBHOCTH IUIa3MUJ HE ObUIM ONpeAeNieHbl - 3TO
MOJKET OBITh BBI3BAHO M3MEHEHHEM PAa3HHIIBI B CKOPOCTSIX POCTa IJIA3MHIHBIX M OecIiIa3Mus-
HBIX KJIETOK (CEeNEeKTHBHBIN KO3(P(PHUIIMEHT), N”3MEHEHHEM B BEPOSITHOCTH 0Opa3oBaHUs Oecruiaz-
MUIHOU KJIETKH WIH OOOHMX IMapamMeTpoB. 3/1€Ch KOJMYECTBEHHBIE METOIbl MAaTEMaTHYECKOTO

MOJIETTUPOBAaHUSI MOTYT OBITh INPHUMEHEHBbI K aHAJIM3y 3KCHEepUMEHTalbHbIX AaHHbIX (Caulcott,
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1984; Caulcott et al., 1985; Cooper et al., 1987; Duetz and van Andel, 1991; Dunn et al., 1995;
Godwin and Slater, 1979; Lenski and Bouma, 1987), rae npocreiimas oreHka napaMmeTpoB Mo-
KET MOKa3aTh, KaKOi M3 MapaMeTpoB U3MEHWJICS IPU U3MEHEHUH BHEIIHUX YCIOBHI U Cle0Ba-
TEJIbHO, OTBETUTH HA BOIIPOC: MTOYEMY ATO MPOUCXOAUT (TI0 KpailHel Mepe B IIepBOM MPHUOIIKE-
HUK). B yacTHOCTH, B psizie IKCIIEPUMEHTOB ObLIO OOHAPYKEHO, YTO HECTAOMIBHOCTh HEKOTOPBIX
pexombunanTHEIX (PWWO) u npupoansix (TP120) mnazmug oOycinoBiieHa CHUKEHHEM CKOPO-
CTH POCTa IUIa3MUACOAEPKAIIUX KIETOK MPU HU3KUX CKOPOCTSAX MPOTOKA Cpelbl B XEMOCTaTe
(Duetz and van Andel, 1991; Godwin and Slater, 1979). CBsi3p MeX1y YCIOBUSIMU KYJIbTHBUPO-
BaHUs M BEPOSITHOCTBHIO MOTEPH IJIA3MU/ MPHU JIEJICHUH B OJHUX Cly4yasX He Obulia oOHapykeHa
(Dunn et al., 1995), Torna kak B qpyrux Oblia MpeajioKeHa HEraTUBHAS KOPPEISAIUS MEXKIY Be-
POSITHOCTBIO TMOTEPH TIIIA3MHUJIBI U CKOPOCTHIO pocTa nonyisiiun (Impoolsup et al., 1989). Oxna-
KO, HE OYEBHJIHO, YTO 1) 3TH BBIBOABI MOTYT OBITh IPUMEHEHBI IS JIFOOBIX TUIa3MH] U 11) BBIBO-
IIbl SIBJISIIOTCS KOPPEKTHBIMU, TaK KaK METOJbl, UCIIOJIb30BaHHbIE JIJISl OLIEHKH MapaMeTpoB (Ha-
npumep B (Impoolsup et al., 1989)), oGmagaroT psaoM HEIOCTATKOB, MOAPOOHO OOCYKIEHHBIX
Bhbite. TakuM oOpa3om, it Oojiee KaueCTBEHHOTO aHaIM3a Mbl MPUMEHIIH pa3paboTaHHBIE B
JAaHHOHM paboTe MEeTOJbl OLEHKH MapaMeTPOB IIa3MHJICOACPKAIIUX IITAMMOB MHKPOOPTaHU3-
MOB JIJIS IBYX OIYOJIMKOBAHHBIX HA0OPOB JTaHHBIX.

Kynomusuposanue nnazmuocooepiicaujeco peKOMOUHAHMHO20 WMAMMA HA PA3HBIX C)O-
cmpamax. IlepBblid MpUMEpP, KOTOPBIA Mbl PACCMOTPUM, OCHOBAH Ha SKCIEPUMEHTE, MPOBE-
nerHHoM B nabopatopun YBI' npu Uuctutyre buopuzuku CO PAH (Ilonosa u np., 1992), oc-
HOBHBIE JIAaHHBIC U3 KOTOPOTO M300pakeHbl Ha puc. 4.1.5.

DKcrepuMeHT ObUT IPOBEJIEH B IOCTaTOYHO CTAHAAPTHBIX ycloBHUAX. HouHast MHOKyNATHAS
KyJIbTypa, BBIPOCIIAs B IEPUOINYECKON cpefie C aHTHOMOTHKOM, ITOMEIIaaach B XeMOCTaT, ycTa-
HOBIICHHBIM Ha (DMKCHPOBAHHYIO YACIBHYIO CKOPOCTh pasbasinenns D=0.1 yac™ (paBHO# ymeis-
HOM CKOpOCTH POCTa MOMYJSIUU MHUKPOOPTraHM3MOB B CTAllMOHAPHOM COCTOSIHMH) CO Cpeaoi
JUMHUTUPOBAHHOM IO UCTOUHUKY YIJIepoa U SHepIruu (TIMLEPUH WK TII0K03a). HecTaOunbHbIH
pekoMOuHaHTHBIN mTamMM E. coli Z905 (n3oreHHbIit OecrutasMuaubiil mramm E.coli K-12), co-
nepxkan miasmuny pPHL-7, B coctaBe KOTOpOM HaXOAWIMCH KIOHUPOBAHHBIE I10J] KOHTPOJIEM
lac-pomoTtopa B BekTope pUC18 reHbl JIOMHHECIIEHTHON CHCTEMBI MOPCKUX CBETSIIMXCS Oak-
tepuit P. leiognathi (Mnnapuonos u [Iporonomnosa, 1986).

Tak Kak JJaKTO3HBIN MTPOMOTOP sBIsieTCs KaTaboanuyBcTBUTENbHBIM (Neidhardt and Curtiss,
1996), Tun NUMUTHPYIOUIETO POCT cyOcTpara - TIUIEPUH WIM TIIOKO3a - M3MEHSAT 3-

(EeKTUBHOCTH IKCIIPECCUN KIIOHUPOBAHHBIX [U/X-T€HOB, YTO (TEOPETUYECKH) AOJKHO MPUBOIUTH
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K Pa3HOM CKOPOCTH SIMMHUHALINY TIa3MUACOAEPKAIINUX KIeTOK. J[efCTBUTENbHO, KaK BUIHO U3
AKCIIEPUMEHTANIbHBIX JTaHHBIX, PUBEACHHBIX Ha puc. 4.1.5, IIUTENBHOCTh MOJACPKAHUS I1J1a3-
MUHBIX KJIETOK Ha CpeJie C TIIOKO301 (B reHepalusax) 3Ha4YUTeNbHO BBIIIE, YEM Ha Cpelie C IiH-
[EPUHOM. JTO CBSI3aHO C TEM, YTO MPH BHIPAIIUBAHUYU HA CPEJe C TIIF0OK0301 HabII0aeTcs KaTa-
OonuTHas penpeccus JTIOMUHECHEHTHOTO OMEpOHa, KOTOopask CHUMAETCsl pU KyJIbTUBUPOBAHUU

Ha cpene ¢ rimnepunoM (ITomoa u np., 1992).

Puc. 4.1.5. JlnurensHOCTh TOAEpKaHUs pekoMOMHaHTHOTO mTtamMma E.coli 7905, conep-
xamiero trasmuny pPHL-7 mpu KynbTUBHpOBaHWM Ha pa3IUUYHBIX cyOcTpaTax. 1- mpu Kylb-
TUBHUPOBAHUH Ha TIUIEpUHE (KaK UCTOYHHUKE YIJIepoJia U SHEPTUn), 2 - TO ke Ha riokose. Tou-
KM - SKCniepuMeHTanbHbie gaHHbie U3 ([TomoBa u ap., 1992), HenpephIBHBIC TUHUU - YUCICHHOE

pemrerne mozemn (4.1.1) ¢ mapamerpamu . - . . wac’, S I  £:1
[JIMLEPUHE), . . . . (HA IJI0KO3€), (Ha TIIOKO03€), (Ha rnuue-
pHHE).

C moMomipio pa3pabOTaHHBIX METOMO0B (NMPUOJMKEHHE KBa3HU-CTAIMOHAPHOCTH, BHIP.
(4.1.9)-(4.1.11) 1 mpubMKEHUE MOCTOSHHOTO CENeKTHUBHOTO Ko3(dduimenta, Beip. (4.1.19)), a
TaKke MeToAa HenuHeWHoW perpeccuu (4.1.16) MBI OIEHHWIM TAapaMeTpbl PeKOMOMHAHTHOTO
[ITaMMa MpH 3THX YCJIOBUAX KyIbTHUBHpOBaHMA (cM. puc. 4.1.5 u tadn. 4.1.2). Bo-nepBbIx, MbI
HAITM, YTO XOTSA U HAOIIOAAeTCs 3HAUUTEIbHBIA pa3dpoc B OICHEHHBIX 3HAYEHUSX B 3aBUCH-
MOCTH OT MPHUMEHEHHOTO METO0Ja, OOUIM TPeHJ OYEBHAEH: CTOMMOCTH IUIa3MMJBI TPU KYJIb-

TUBUPOBAHUM Ha Cpele C TIIMLEPHUHOM ( ) OKa3bIBAaeTCsl 3HAYMTENHHO BBILIE,
YeM MpH KyJIbTUBUPOBAHUH Ha CPEJIE C TIIFOKO30H ( ). OTMETHM, 4TO TaKH€e BbI-

COKHE 3HAYCHMsI CEJIEKTUBHOTO KO3 duimenTa oObIYHO HE HAOIIOAAIOTCS ISl IPUPOIHBIX HIIHA
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BekTOpHBIX Tu1azmug (Boe, 1996; Boe and Rasmussen, 1996), 4ro yxe caMo TOBOPUT O TOM, YTO
9KCIIpecCUs TEHOB, KIIOHUPOBAHHBIX B TUIa3MUe (B JaHHOM CIydae 3TO [ux-ONEpOH), SBIISETCS
B2XHBIM (€CIIM HE OCHOBHBIM) (DaKTOPOM, OIPEIEISIONAM CTOMMOCTh TUIA3MU JUTSl KJIETOK-

X035€B B JaHHLIX YCJIOBUAX KYJIbTHUBUPOBAHUA.

Ta6u. 4.1.2. OueHka mapaMeTpoB IUIA3MHUTHECYIIETO IITaMMa MPU KyJIbTUBUPOBAHUHU B Xe-
MocTtare: 1 — ¢ pa3HbIMM caxapaMy Kak MCTOYHUKaMHU yriepona u sHepruu (u3 Ilomosa u np.,
1992), 2 — npu pa3nuyHBIX CKOpOCTsIX mpoToka cpeasl D (Wouters et al., 1980). Metompr: 1 —
HEJIMHEHHas: perpeccusi B COOTBETCTBUU C BbIpakeHueM (4.1.16), 2 — HenmMHEHAsT perpeccus B
COOTBETCTBUH C BhIpakeHueM (4.1.19), 3 — qvactuuHas perpeccusi HAYaJIbHBIX U KOHEUHBIX TOUYEK
(1aHHBIX) B COOTBETCTBUU C BhIpakeHUsIMU (4.1.9) u (4.1.11). * - pa3HHIIA CTATUCTUYCCKU HE-
noctoBepHa (P>0.05), e - pasauna craructudecku gocroepHa (P<0.05).

Otrmerum Takxke, uro meton 1 (Davidson et al., 1990) maer 3HaYWTENHHO 3aHMIKEHHYIO
OIICHKY Ha CEJCKTHBHBIN K03()PHUIIMEHT Npu KyJIbTUBUPOBAHHM Ha TIIMIEpUHE (KOTOpas sBIIs-
€TCsl MUHUMAJIBHOH ), TAK KaK HE YUUTHIBACT CMEHY BPEMEHU reHepanuu B xemocrate. C npyroi
CTOPOHBI, METOJ] 3, XOTSI ¥ MPHUBET K MOXOXHM CPEIHUM 3HAUCHHSIM, 00JIagaeT OOJbIIeH Io-
TPEUTHOCTHIO0, YeM BCE OCTAJIbHBIE METOJIBI, 4, CIEAOBATENbHO, B JAHHOM CIy4ae, HE SBISICTCS
HanOosiee TouHbIM. Hampumep, U3 OLIGHOK Uil .~ W . BHJIHO, YTO CEJIICKTUBHBIN KO3 DH-
[IUCHT MEHSIETCS TIPU 3aMEIICHUH TUTa3MHICOACPIKAIIETO MTaMMa Ha OeCIuIa3MUIHBIN BapUaHT
(Hanbosiee OYEBUIHO 1TO MPU KYJIBTUBHPOBAHUHM HA TIIFOKO3€), OJHAKO Pa3HUIA HE SBIISETCS
CTATUCTUYECKU JTOCTOBepHOU (cM. Tabn. 4.1.2). Taxke OTMETHM, YTO 3HAYEHUSA . W TIO-
Jy4eHHBIE METOJIOM 2 JOCTaTOYHO OJIM3KHU MPU KyJbTHBHPOBAHWU HA TIHMIIEPHHE, XOTS 3HAYH-

TCJIBHOC pa3jinyue B OLCHKAX M4 . ~ OYCBHIHO. Taxkum 06pa30M, HYyJIb THUIIOTE3a, 4YTO

, He TOATBEP)KIAeTCsl JaHHBIMM (.~ W .  CTaTUCTHUYECKH HEpa3IU4MUMBbI), a, Clie-
JIOBATENbHO, METOJI 2 MOXKET OBbITh MCIIOJIb30BaH JJISl OLIEHKU BEPOATHOCTH MOTEPHU IMIa3MUJ IPU
JICJICHUU TUTa3MUJICOICPKAIIUX KIETOK.

OrneHka BEpOSATHOCTH IMOSIBIICHUS O€CIUIa3MUAHOM KJIETKH . = TaKXe OKa3anach 3aBUCHMOM
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oT cyOcTpara, UCTOIb3yEMOro MpH KyJbTUBUPOBAHUU: HA TJIIOKO3€ BEPOSITHOCTh MOTEPH IUIA3-

MUl OblIa Ha HOPSIIOK Bbime (. . . . .. ), YeM IpU KyJIbTUBHUPOBAaHMM Ha TIIHUIIEPUHE

( ). Taxoii ske TpeH TPOCISKUBACTCS MPHU OIIEHKE . MeToqoM 1 (cM. Tadu. 4.1.2,

0

pasHHIIA B OIEHKAX JJIS Pa3HbIX cyOCcTpaTroB MeTronaMu | W 3 cTaTHCTUYECKHU HE JOCTOBEPHA).
OTOT pe3ynbTaT B HEKOTOPOM CMBICIIE MHTEPECEH, TaK KaK Mbl OXHJAIU yeenruyeHue CKOpOCTH
NOTEPU TUIA3MUJ IPU ACTCHUN TpU dPPEKTUBHOMN SKCIPECCUU MIa3MHUIHBIX T€HOB, YTO MOXKET
obITh cBsizaHo ¢ koHkypeHinmerr PHK u JIHK mommmepas mpu TpaHCKPUIIIUM W PETUTAKAITAN
mwiasmuaHon JIHK (oneHku, nomydeHHble METOOM 3, MOATBEPKAAIOT YBEIUUYEHUE CErperau-
OHHOI HECTaOMIIBHOCTH IPU BBICOKOM YPOBHE 3KCIIPECCHUU IIJIa3MHUIHBIX T€HOB, XOTS Pa3HULA B
MOJIYYEeHHBIX 3HAUYEHUSIX CTATUCTHYECKU HEIOCTOBEpHa, cM. Ta0u. 4.1.2). OxHako, HalIH pe3yib-
TaThl JIEMOHCTPUPYIOT, YTO €CJIM 3TOT MPOLECC U MPOUCXOAUT, OH UM HE3HAUUTENIEH, WIK Mac-
KHpYeM KaKHUM-HUOYIb aJlbTepHATHBHBIM IPOLIECCOM, BEAYIIUM K CHMXKECHHIO BEPOSATHOCTH 00-
pasoBaHus Oecria3MHUAHBIX KiIeTOK. K HacTosieMy BpeMEHH Mbl HE MOXKEM INPEJUI0KUTh aJIeK-
BaTHOTO OOBSICHEHHUS 3TOTO pe3yibTara. Bo3MOXHO, 4TO MPHU BBICOKUX CEIEKTUBHBIX KOA(OH-
IIUEHTaX TOYHAas OLIEHKAa BEPOSITHOCTU MOTEPH IMJIa3MHUbl HE MOXKET OBITh IOJIy4eHa, TaK Kak
nake HeOouplasg HavyaimbHas (pakuus OecIIa3MHUAHBIX KIETOK, '€HEPHpPOBAHHAS B Hayaje
KyJbTUBUPOBAHUSA, MOXKET 3HAUUTEIILHO M3MEHUTh MOCIEAYIONIYI0 AUHAMHUKY (HE IOKa3aHO U
(Duetz and van Andel, 1991; Duetz et al., 1991)).

CyMMupysi, Mbl OOHapYXWIH, 9TO 3(PPEKTUBHAS IKCIPECCHs KIOHUPOBAHHBIX B IUIa3MMJIE
TeHOB BIUSET Ha CTAOMJIBHOCTH IJIa3MHUICOIEpKAIuX mTaMmMoB. B skcniepumentax I[lomnoBoii ¢
coaBT. (1992) 3T0 B OCHOBHOM CBSI3aHO C yBEIIMYEHUEM CEJIEKTUBHOTO KO3 duimeHTa npu 3¢-
(EeKTUBHON SKCIPECCHH KIOHHUPOBAHHBIX B IUIa3Mujae reHoB. K cokaneHuio, Mbl HE CMOTIIH

HaWTH 3aBUCHMOCTb MapaMeTpoOB . .= U . OT 3PPEKTUBHOCTH IKCIPECCUH, TaK KaK YPOBEHb IKC-

0

npeccud He ObUT omyOnukoBaH. OJHAKO B DKCHEPUMEHTAX, ONMUCAHHBIX B CIEIYIONIEH YacTh
(gactp 4.2), MBI OOHAPYKWJIU, YTO CEICKTUBHBIA Kod(dunment mramma E.coli MG1655, co-
nepxkamiero miasmuny pGLO, ObUT mpsMO MPOMOPIHOHANICH KCIPECCUU T'eHa gfp (3eNeHBIi
(bayopecuupyronui TPOTeHH ), KIIOHUPOBAHHOTO B TIA3MHU/IC.

Kynvmusuposanue niazmuocooepcaweco wimamma npu pazuvix HPOMoKax cpeovl 8 Xxemo-
cmame. BTopoi mpuMep, KOTOPbIA Mbl paCCMOTPUM, OCHOBAH Ha KJIACCUYECKOM JKCIIEPUMEHTE,
npoBeneHHOM B Boyrepcom ¢ coat. (Wouters et al., 1980), B KOTopoM aBTOpHI MCCIIEI0BATN
JUTUTEIPHOCTD TIOJIEPKaHus pekoMOrMHaHTHOTO mTamMma E. coli PC 221 (BapuanTt mramma E.

coli K-12), conepxamero miazmuay pBR322, npu pasHbIX yAelIbHBIX CKOPOCTSIX pa30aBIeHHS
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Cpenbl B XeMOCTaTe Mpu JUMUTHPOBaHUM 10 docdopy (McTouHUKY sHeprur). OCHOBHBIC JaH-

HBIE U3 3TOH paboThl cyMMupoBaHbl Ha puc. 4.1.6.

Puc. 4.1.6. [InutenpHOCTh MOJACpKaHus pekoMOnHaHTHOTrO mTamma FE.coli K-12, conep-
xamero miasmuay pBR322 npu KyJbTHBHPOBAHMHU B XEMOCTATE MPU PA3HBIX CKOPOCTSAX MPO-
TOKa cpenbl. ToukH - aKcniepuMeHTanbHbie Janabie u3 (Wouters et al., 1980), HenpepbIBHBIE JTH-
HHH - 4HCIeHHOe pemenue moxenu (4.1.1). 1- . . . wac', 2- . .. wac’. [lapamerpsr:

C e e , (cm. Tabm. 4.1.2).

AHaJOrMYHO MpEABIAYIIEMY IPUMEPY, pPa3INnYHbIE METOAbI, IPUMEHEHHBIE /711 OLIEHKH Ia-
paMeTpoB IIa3MHUIHECYIIEro MITaMMa, Jajdl NPHUOJM3HTEIBHO OJWHAKOBBIA TPEHI UIS 3a-
BHCHUMOCTH CEJIEKTUBHOTO MPEUMYIIECTBA OECIUIa3MUIHBIX KIETOK OT CKOPOCTHU MPOTOKA CPEebl
B xeMocTate (1ab:. 4.1.2). MbI 00HapYKHJIH, YTO MPU HU3KUX CKOPOCTSAX MPOTOKA ( qac

') cenexTuBHBIN KOA(DGUIMEHT COCTABII IPUMEPHO , TOT/Ia KaK TP BBICOKUX
( qac™) Y HE 3aBUCEJ OT UCIOJIb3YyeMOTO MeToAa (pa3HHIla B OLEHEH-

HBIX 3HAYCHUSIX CTATUCTUYECKH 3HAUYMMa Ui BceX 3 MeTonoB). TakuM o0pa3oMm, CHIKEHHE CTa-
OUIIBHOCTH TUIa3MHJICOJCPKAIINX [ITAMMOB MUKPOOPTaHU3MOB MOXKET OBITh B YACTHOCTH 00b-
SICHEHO YBEJIMYCHNEM CTOMMOCTH IIIa3MHUIBI IIPH HU3KMX CKOPOCTSIX MPOTOKA CPEbl B XEMOCTa-
Te. [1o700HbII BBIBOJ OBUT TaK)Ke MOJYYEHBI B HECKOJIBKUX NpeAbLAyIuX padotax (BpuibkoB u
1p., 1990; Duetz & van Andel, 1991; Duetz et al., 1991; Dunn et al., 1995).

YBenuyeHue ceNeKTUBHOro Ko (UIIEeHTa MOKET OBITh CBA3aHO 1) CO CHATHEM pernpeccun
C DHEPro3aBHCHMBIX IMPOMOTOPOB IPH HHU3KOM JHEPTETHYECKOM COCTOSHHH KIIETOK-XO35CB

(Lendenmann et al., 2000; Neidhardt and Curtiss, 1996), npuBoasiieMy K MOBBIIIECHUIO YPheK-
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TUBHOCTH HKCIPECCHM IUIA3MUAHBIX TE€HOB/MJIa3sMHUAy (4acTO KJIOHHUPOBAaHHBIX IIOJ] YHEpProsa-
BUCHUMBIMH TIPOMOTOpPAaMH), KOTOpasi B CBOIO OYepeb BEIET K CHIKEHUIO CTaOMJIBHOCTHU ILIa3-
MHJICOJIEpIKAILEro MTaMMa (IpU 3TOM IOJHOE YUCIO KOMMM IUIa3MHIbI/XPOMOCOMY HE MEHs-
eTcs); 2) ¢ yBEeIMYCHHE CPeAHEH KOMMMHOCTU IUIa3MHUIBI/XPOMOCOMY HPU HU3KHX CKOPOCTSIX
poCTa, YTO MPU KOHCTUTYTUBHON HKCHPECCUM KJIOHMPOBAHHBIX B IUIA3MUJE F€HOB IMPUBOAMT K
MOBBIIIEHUIO METAa00JIMYECKON Harpy3Kd Ha KJIETKY-XO3sIMHA, a, CIeloBaTelbHO, K Oojee Obl-
CTPOM 2IMMMHALUY IUIA3MUJCOAEPIKAIIEro MTaMMa IIPU HU3KUX CKOPOCTSX MPOTOKA CPEbl B
xemocraTte. B paccMOTpeHHOM HamH IpUMepe, HEYCTOMYMBOCTh Mmia3Muael pBR322 cBszana B
OCHOBHOM C DKCIIPECCUEH TEHOB, KOJUPYIOINUX YCTOMYMBOCTh K TeTpanukiuHy (Lee and Edlin,
1985; Vernet et al., 1985), uto HabmrOaeTCS TakkKe U1 HEKOTOPBIX Apyrux riazmuj (Godwin
and Slater, 1979; Noack et al., 1981). Dkcnpeccus TeT-onepoHa o0svHO KoHcTUTyTHBHA (Hillen
and Berens, 1994), xoTs B psne cnydaeB HaOMOIAICS U HHIYIUOCTBHBINA XapaKTep IKCIPECCUU
(Hillen and Berens, 1994; Lenski et al., 1994b; Nguyen et al., 1989). CnenoBarenbHo, yBenude-
HUE CTOMMOCTH Iuta3mMuzabl pBR322 nmpu HU3KHX CKOPOCTSAX pOCTa Cpelbl B XEMOCTATE CKOpee
BCET0 CBS3aHO C YBEJIMYEHUEM OTHOCUTEIBbHOW KONMIHOCTH IJIa3MHbl B KJIETKaX MHKpOOpra-
HU3MOB.

OrneHKa BEpOSITHOCTH 0OOpa3oBaHUsI OCCIUIA3MHUIHON KIIETKH Pa3IUYHBIMH METOJIaMU

MpHBENIa K Pa3HBIM pe3yiabTaTaM, XOTs TPEHJ MPHU HCIOJIH30BAaHUM KOHKPETHOTO METO/a OYe-
BujieH (Tadu. 4.1.2). Meroasl 1 1 2 mpeacKas3plBalOT yBEIIMUEHUE CETPETallMOHHON CTa0MIBHO-
CTH MPHU HU3KHUX YIEIBHBIX CKOPOCTSAX POCTA MOMYJISAINH, XOTS, HAPUMEp, pa3ludue B OIle-
HEHHBIX 3HAYCHMSX Ul pa3HbIX D METoOM | cTaTHCTHYeCKH HEe JOCTOBEpHO (cM. Tabm. 4.1.2).
CHIKeHUEe BEPOSATHOCTH TOTEPH IUTa3MUABI MPU HU3KUX CKOPOCTSIX POCTA MJIA3MHIHOUW TOITY-
JSUUU B HEKOTOPOM CMBICIIE HEOXKUAAHHO, XOTS U ObUIO HaOI01aeMO NIl HEKOTOPBIX CHUCTEM
(Impoolsup et al., 1989).

Haubonee BO3MOXXHBIM KaHAMIATOM JJIsi OOBACHEHUS 3TOr0 (heHOMEHA SIBISIETCS BIMSIHHE
BPEMEHH T'eHEpalud IUIa3MUACOACpKAIIEeH MOMYISIUd MHUKPOOPTaHU3MOB Ha CPEIHIOK KO-
MAWHOCTG TIJIA3MHJI U Ha TUCTIEPCUIO CPEHETO YMCiIa KONui B onyssnuu 6aktepuii (I'anycoB u
ap., 2001; Keasling and Palsson, 1989; Paulsson et al., 1998). Kak 0pU10 moka3aHO TEOpeTH-
yecku (cM. Boime) U dKkcriepuMenTanbHo (Keasling and Palsson, 1989; Lin-Chao and Bremer,
1986), cpenHsas KOMMMHOCTH B MOMYJIALUNA MUKPOOPTaHU3MOB (Ha €AMHMILY ONT. IUIOTH.) IPSIMO
MPOIMOPLHOHATIEHA BPEMEHHU TeHEpaly IUIa3MHICOAEpKAIIUX KJIETOK, a CIIEOBATEIbHO MpHU
HU3KUX CKOPOCTSAX POCTa CPEAHsISl KOMMIHOCTBH SIBISITHCS BBICOKOH (0OpaTHOE TakkKe BEPHO).

OpnHako, y4uThIBasi ”3MEHEHHE CPEIHEr0 00beMa KIETOK MUKPOOPTaHU3MOB IPU HU3KUX CKOPO-
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CTAX pocTa nomysauu Mukpooprann3mMoB (Churchward et al., 1982; Donachie, 1968), kotopoe
MOJKET TaKXe MPUBECTU U K CHIkeHHIo cpenHeit konuitHoctu (Lin-Chao and Bremer, 1986), mbl
MO’KEM OKUJATh YBEJIMYEHHE CKOPOCTU MOTEPH IUIa3MHJbI MPU HU3KUX MPOTOKAX Cpeibl B Xe-
MOCTare, 4To, OJHAKO, MPOTUBOPEUHT HammM otieHKkaM (Tadm. 4.1.2). Bo3aM0XHO, 4TO BBICOKHX
CKOPOCTSIX pOCTa IJIa3MU/IbI HE YCIEBAIOT JOPEIUIMIIUPOBATHCS 10 JBOMHOIO yucia (pu Heloc-
TAaTOYHO 3(P(PEKTUBHOM KOHTPOJIE KONUHHOCTH), U 3TO, COOTBETCTBEHHO, PUBOAMUT K 00pa3oBa-
HUIO (PpaKUUU TUIa3MUAHBIX KJIETOK C Majloi KOMUWHOCTBIO TUIa3MUBI (BO3pacTaeT JUCTepCust
pactipenenenusi). Takum 00pa3oM, CHMKEHHME CETpEeraliMOHHON CTaOMJIBHOCTH TPU BBICOKHX
CKOPOCTSIX pOCTa IUIa3MHUIHECYIIEH MOMyNSIIMM CKOPee BCETO CBS3aHO C YMEHbBIIIEHHWEM YHCIIa
CETrperupyonmx eauHUL (T1a3Mu 100 MyJIbTUMEPOB) B OTJIEIBHBIX KIETKaX, KOTOPOE B CBOIO
ouepellb OINpeAeseTCs] TOYHOCTHIO KOHTPOJISI KOMUHHOCTH, KOTOPBIH MeHee 3(hdeKTHUBeH mnpu
BBICOKMX CKOPOCTSIX pocTa momyisiuu MukpoopranuzmoB (Paulsson and Ehrenberg, 1998;
Summers, 1996).

3aMeTuM, YTO YMEHBIIEHHE . | [PU HU3KUX CKOPOCTSAX IPOTOKA CPEIbl B XEMOCTATe HE Obl-

70 oOHapykeHo B mpenbiayiux padborax (Duetz et al., 1991; Dunn et al., 1995), ogHoit u3 npu-
YUH KOTOPOT'O BO3MOKHO SIBJISIETCSL MCIIOJIb30BAHNE HEKOPPEKTHOTO MeTo1a (MeTox 1).

Takum o0Opa3oM, C MOMOIIBI0 pa3pabOTaHHBIX METOOB OIICHKH IapaMEeTPOB TLIa3MHUICO-
JEpKaIiX [MTaMMOB MHKPOOPTAaHH3MOB, KyJTbTUBUPOBAEMBIX B XEMOCTATe, MbI TIOKA3aJIH, YTO
MOMYJISIIUOHHAS HEYCTONYMBOCTh PEKOMOWHAHTHBIX IMTAMMOB MHUKPOOPTaHU3MOB MPH HHU3KHUX
VIETBHBIX CKOPOCTSIX pa30aBIeHHUs Cpebl B XEMOCTATE CBsI3aHA B OCHOBHOM C YBEJIIMYEHUEM Ce-
JIEKTUBHOTO TPEUMYIIECTBAa OECINIa3MHUIHBIX KIJIETOK, YTO HE KOMIICHCHUPYETCS BO3PACTaHHEM

CerperanuoHHON CTaOMILHOCTH NMPH HU3KUX D.



120

4.2. DKCIEpUMEHTAIBHBIN U TEOPETUUYECKUIN aHAJIU3 CBSI3U SKCIPECCUM TIIa3MUIHBIX T€HOB U

JaBJICHUSA 0T60pa, HaIpaBJICHHOT'O IMPOTHUB IJIA3MUACOACPIKAINX KIICTOK

B nByx npumepax, npoaHaIHM3UPOBAHHBIX B MPEIbIAYIICH YacTH, Mbl OOHAPYKHITH, YTO Yac-
TO YCJOBHUS KyJIbTUBHPOBAHUS ONPENEISIIOT JUINTEIBHOCTh NOAAEP)KaHuUs (a, CIeI0BaTeIbHO, U
CTaOMIIBHOCTB) PEKOMOMHAHTHBIX IITAMMOB MUKPOOPraHu3MoB. boiiee Toro, npuMeHeHue npe-
JIOXKEHHBIX METOJIOB OLIEHKM IUIa3MHUJAHBIX [apaMEeTpOB IOMOIVIO HaM ONPEIEIUTb, KaKoW W3
ATHX MapaMeTPOB OTBETCTBEHEH 3a HaOII0aeMOe M3MEHEHHE B CTAaOMIILHOCTH IUIA3MUICOAED-
KAILUX KIETOK.

OpHako ¢ Ipyroil CTOpoHbl, 3HaHKE “HanboJee CyIIeCTBEHHOr0” apaMeTpa He OTBEYaeT Ha
BOIIPOC: Ye€M M3MEHEHHE 3TOro IMapamerpa (Hampumep, ceJIeKTUBHOro Koddduimenta) oOy-
cioBineHo? Hamra pabovas rumoresa MpearnoyiaraeT, YTo B OOJIBLIIMHCTBE CIy4aeB HW3MEHEHHE
(P PEKTUBHOCTH IKCIPECCUU KIIOHUPOBAHHBIX B IJIa3MHJI€ T€HOB OTBETCTBEHHO 3a M3MEHEHHE

MapaMeTpPoB CEIEKTUBHOrO KOd((UIIMEHTa O U BEPOSITHOCTH MOTEPU IUIa3MUA . . MPH HU3Me-

0

HEHHUE yCIOBUHU KynbTHBUpOBaHUs. JleiicTBuTenbHO, nanubie [lomoBoii ¢ coat. (ITomosa u mp.,
1992) noanep:kuBaroT 3Ty TUIOTE3Y, TAK KaK SKCIPECCHUS TIOMUHECIIEHTHOTO ONEPOHA SIBIISETCA
BBICOKOU Ha riuiepuHe (0oibpIIMe . ) U MaJloil Ha TII0K03€e (HEBBICOKHUE . ).

B 9T0if yacT MBI TEOPETUYECKH M SKCHEPHUMEHTAIbHO MOKa)XKeM, KaK SKCIPEcCHs Iuia3-

MUHBIX T€HOB, KJIOHUPOBAHHBIX MOJ KAaTaOOIUTUYBCTBUTEILHBIMH MPOMOTOPAMH, BIHSIECT Ha
yIENbHYI0 CKOPOCTh POCTA MOMYJALNU MIa3MUCOAEPIKAIIETo TaMMa ., a TakKe IKCIepH-

MEHTaJbHO OLEHUM KakK 3(PPEKTHUBHOCTH HKCHPECCHU T€HOB , KIIOHUPOBAHHBIX B IUIa3MHUJIE,
CBsI3aHa CO CTOMMOCTBIO TITa3MH/IBI .

CBs13b IKCNPecCUH MUVIA3MUAHBIX T€HOB U CKOPOCTH POCTA IJIA3MH/ICOIEPKAIMX KJIe-
TOK. VI3BeCTHO, UTO KaK MPUPOJIHBIE, TAK U PEKOMOMHAHTHBIE TUIa3MUAbI OOBIYHO COAepKaT He-
CKOJIBKO Pa3JIMYHBIX T'€HOB, HAXOAALIMXCS MOJ KOHTPOJEM pa3HOro THIa IMPOMOTOPOB, 00ia-
JAIOIIUX KOHCTYUTUBHBIM MO0 MHAYITMOEIbHBIM XapakTepoMm (beinu n Omnuc, 1989; Atlung et
al., 1999). B noxapmsomeM yuciie ciyyaeB KJIOHUPOBAaHHE T€HOB B PEKOMOMHAHTHBIX IJIa3MU-
JaX OCYIIECTBISETCS MOJA KOHTPOJEM MPOMOTOPOB, PETyIslUs KOTOPBIX JOCTATOYHO XOPOLIO
U3y4yeHa, Kak, Harnpumep, lac-, trp-, sos- mpomotopsl (beitnu u Omuce, 1989). Taxke usBecTHO,
YTO MHOTHE OaKTepHaIbHBIC TPOMOTOPHI (Kak, HarmpuMmep, lac, lux u 1p.) moaBEpKeHBI KaTabo-
JUTHOM perpeccuu, 0COOEHHO MPOMOTOPHI PETYISALNN CHHTEe3a KarabolnM3ma caxapoB, OTIHY-

HbIX OoT rimoko3wl (beitmm m Ommmc, 1989; Jle6abor u JIndmm, 1988; Egli ef al., 1993;
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Lendenmann & Egli, 1995; Lendenmann et al., 1996; Marr, 1991). KatabonuTtHas penpeccus
OOBIYHO JEHCTBYET Yepe3 CHIKEHUE BHYTPUKIETOYHOM KOHIIEHTpauuu komiuiekca cAMP-CAP,
B OOBIYHBIX YCJIOBHSIX YBEIUYHMBAIOMETO d(PPEKTHBHOCTh AKCIPECCHU OaKTEPUATBLHBIX T€HOB,
HAXOMAUIMXCS TOJ KOHTpOJieM, Hampumep, lac- npomotopa (e6aboB u JIudmmm, 1988;
Neidhardt and Curtiss, 1996). Tak kak koHreHnTpamnus ATP BHyTpu KiIeTKu, onpenensieMas KOH-
[EHTpalrell JTMMUTUPYIOIIETO POCT cybcTpara (Mpu JTUMUTHUPOBAHWUU IO SHEPTHUH), 0OpATHO
nponopiimoHanbHa KoHreHTpanuu cAMP (Jle6a6oB u Jludpmmum, 1988; Neidhardt and Curtiss,
1996), yaenpHasi CKOPOCTh pa30aBJICHUS CPEAbl B XEMOCTATE MOXKET SIBIISTHCS BAKHOW KOMIIO-
HEHTOM, 3aJalolleil ypoBeHb IKCIPECCUU TUIa3MUAHBIX T€HOB. MBI, clieIoBaTeIbHO, OCHOBBIBA-
SCh HAa TAaKOM MEXaHWU3ME PETYISLUU IKCIPECCHH IJIa3MHUIHBIX T€HOB, HAWIEM CBS3b MEXIY

CKOPOCTBIO pOCTa TMOMYJSAIHMK TUIa3MHUICOACpKANUX Oaktepuid . U 3G(HEKTUBHOCTHIO JKC-

MIPECCUU KIIOHUPOBAHHBIX B IJIA3MHJI€ TEHOB

IlycTh B KII€TKE HAXOAMUTCS [ KOIUN IUIa3MUABI U, CIIEN0BATEIBHO, | KOIIUA KIOHUPOBAHHOIO
reHa. O4eBHUIHO, YTO BEPOSATHOCTh NpucoenuHeHus RNA- noimumepasbl K IpOMOTOPY KIOHHPO-
BAHHOI'O TeHa (YMCIIO MPOMOTOPOB = YUCITY KJIOHMPOBAHHBIX F€HOB) Ha ONPEJEICHHON IIa3MHU-
Jie IPOTIOPIIMOHATIbHA BHYTPUKIIETOYHON KOHIIEHTpAIUU peryisTopa A (Mo “peryiasiTopom’” Mbl
noapasymesaeM Komiieke CAMP-CAP), “cuenieHHoro” ¢ mpoMoTopoM, uii , - . /. . Cuuras,
4yTo Tocyie npucoeauueHns RNA- monumepassl K TpOMOTOPY MPOUCXOIUT 00pa3oBaHUE TOJTHO-
[IEHHOTO TPAHCKPUITA KIOHUPOBAHHOTO TeHa (KOTOPBIH BIIOCIEICTBUU OYAET MPOTPAHCIUPOBAH
U, CIIEJIOBATEIIbHO, SKCIPECCUPOBAH), Mbl HAXOIUM, 4TO 3()PEKTUBHOCTH AKCIPECCHUU TPOIIOP-
[[MOHAJIbHA BEPOSTHOCTH CUUTBHIBAHUS p, UTO B OoJiee o0mieM ciaydae npuodperaer B (Ipearno-

Jaras MuxXajsJInuCO-MEHTCHOBCKYIO SaBI/ICI/IMOCTB)Z

4.2.1)

[TonmHas sKcmpeccust KJIETKHU C i KOMMSIMH IUTa3MUAbl HaXOJIUTCS U3 BBIpaKEHUsS (CM. pHC.

4.2.1):

(4.2.2)
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Aq

Puc. 4.2.1. 3aBucumoctb 3(pPEeKTUBHOCTH IKCIPECCUU KIOHUPOBAHHBIX T'€HOB € OT YHUCIA
KOIIMH IUIa3MUJIbI B KJIIETKE NP Pa3HbIX 3HAUEHUAX peryisatopa 4 (4;< A>< A43).

Cremyromuii maromMm HaM HEOOXOJIMMO HaWTH CBS3b MEXIY KOHIIEHTpaIuen perymstopa A
cAMP-CAP u xonHuenrpauueii cyocrpara B cpezie (tounee koHunenrpauueit ATP). cAMP o6pa-
syercsi u3 ATP mocpeactBom ¢epmenta anenunatiuknasel ([e6aboB u Jludmmum, 1988
(Neidhardt and Curtiss, 1996), akTHBHOCTb KOTOPOTro 0OpaTHO MPONOPIMOHAIbHA KOHIIEHTpA-

nuu ATP (Wong et al., 1997):

(4.2.3)

[ToapoOHBI aHATM3 TOKA3bIBAET, YTO MPHU PSJIC YINPOIIAOIINX MPEANOI0KEHHH, KOHIICH-

Tpamusi CAMP 3aBUCHT OT KOHIIEHTpAIK cyOcTpara B KIETKe (Cpefie) CIeayIoIuM 00pa3oMm:

—, (4.2.4)

rae . - HeKkoTopas 00oOIeHHas KOHCTaHTa, CBA3aHHasl CO CTeXHoMeTpueil npouecca (4.2.3), u

7 - IPOTIOPLIMOHAIBHO YUCITY CBSI3BIBAIOIIUX (MHIMOMPYIOIINX ) IIEHTPOB aICHIHIIUKIIA3bI.
Torna 3¢ peKTUBHOCTD HKCHPECCHH KaTaOONIUT3aBUCHUMBIX T'€HOB KaK (DYHKIHS KOHIICH-

Tpauuu cyOcTpara U KOJIMYeCcTBa IIa3MU]l IPUHUMAET BU:
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(4.2.5)

rie — , / m

[TycTp ynenbHasi CKOPOCTh POCTa MOMYJIALUA MUKPOOPTAaHU3MOB 3aBHCHUT OT KOHLIEHTPALUU
cybctpata B cpene o ¢popmyne Moo (Monod, 1949). Torga y4et BIUSIHHS SKCIIPECCUU PEKOM-
OMHAHTHBIX T€HOB MPUBOJUT K JOTMOJIHUTEILHOMY WIEHY, CBSI3aHHOMY C TpaTaMH Ha MOJJIepKa-

HUE IJ1a3MH]I, HE CBA3aHHBIX C pOCTOM MHKpoopranusmos (Pirt, 1975):

(4.2.6)

[ToncraBmsisi siBHBIN BUj 3Kcmpeccuu (4.2.5) B BeipakeHue (4.2.6) MbI moiydaeM 0000-
[ICHHYIO 3aBUCUMOCTH YIETHHOU CKOPOCTH POCTA MOIMYISAIUA MUKPOOPTAaHU3MOB, COJEpIKaIIeH
PEKOMOMHAHTHBIE SKCIIPECCUPYEMBIC TUIa3MUIbI, KaK (PYHKITHS KOJTMYECTBA KOTHN TUIA3MUIbI H

KOHIIEHTpauu cyocrpata B cpeze (cm. puc. 4.2.2):

A —, (4.2.7)

rie /

JlBa HaOmOaeHUS MBI XOTeNU OBl MOAYEPKHYTh. Bo-miepBbIX, U3 pucyHka 4.2.2 BUAHO, YTO
JUI ITAaMMOB MUKPOOPIaHU3MOB, COZIEPKAIUX AKTUBHO (PYHKIIMOHUPYIOINE PEKOMONHAHTHBIE
I1a3MUAbl C , CYLIIECTBYIOT KpPUTHYECKUE KOHILIEHTPAIMU CyOCTpaTa, OTJIMYHBIE OT HYyJIe-
BbIX, NPU KOTOPBIX POCT OakTepuil NpeKpamaercs U CEeJIEKTUBHOE IPEeUMyLIecTBO Oec-
IUTA3MUAHBIX KJIETOK .  MaKCHUMaJIbHO, T.€. paBHO enuHuue. s npocreilero cioyvast . - . 3Ta

KOHIIGHTpAaLUs CyOCTpaTa HaXOJUTCS U3 BEIPAXKECHUS:

(4.2.8)

Bo-BTOphIX, B oTNiMumne oT mpeamnonoxenus [Mupta (Pirt, 1975), mbr oOHapyxwumu, 4T0 3a-

TpaThl HE MOJEPKAHMS TIA3MH HE SBJISIOTCS MOCTOsTHHOM (yHkiuel (y [Tupra ), a
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3aBUCAT OT KOHIIGHTPAIlUM CyOCTparta (WiId, 9To SIBJISETCs 0oJjiee OOIIMM, OT CKOPOCTH pOCTa To-
My MI/IKpOOpFaHI/ISMOB). OIIHaKO H€O6XOIII/IMO OTMCTUTDL, YTO AAXKCE IMPHU IMOCTOAHHBIX 3a-
TpaTax Ha MOJJEp)KaHHE TJIa3MHJI, OTIPE/ICTICHHBIX B ypaBHeHuH (4.2.6) ipu , Cce-
JIEKTUBHBIN KOA((DUIIMEHT yBEIMYUBACTCS MPU HU3KUX YAEIbHBIX CKOPOCTAX pa30aBieHUs cpe-

JIbI B XeMocTarte (He MOKa3aHo).

Puc. 4.2.2. 3aBucuMoCTb yIelnbHOW CKOPOCTH POCTa MOMYJISIIUM MHKPOOPTaHU3MOB [l OT
KOHLIEHTpaLuu cyOcTpara B xemocrare (paccuurano no ¢opmyne 4.2.7). . . ., . . .. He-

IpepbeiBHast KpuBast - . - « U (Oecrma3MuAHBIN BapHaHT), IITPUXOBAHHAS - . - . H
. -« (©mmasmmpacoaepkaliuii BApUaHT).

Takum o00pa3om, moBbImIeHHE A(H(OEKTUBHOCTH IKCIPECCUU KaTaOOIUTUYyBCTBUTEIHHBIX
mwia3MuaHbIX TeHoB (Lendenmann et al., 1996) MoxeT 0OBSICHUTDH ApaMaTHYeCKOE BO3pacTaHUE

CEJICKTUBHOTO KO3((HIIMEeHTa TPU HU3KUX CKOPOCTSX MPOTOKA CPeIbl B XEMOCTaTe (YTO IKBH-

BaJICHTHO CTAllMOHAPHOI KOHILIEHTpaluu cyocTpara, T.K. . . ———— ). DTOT pe3yibTar BIIEp-

D

BBIC IMOJTYYCH U O0BSCHEH TCOPETHUCCKHU, XOTS IKCIIEPUMEHTAIbHAS 3aBUCHMOCTh CKOPOCTH POC-
Ta MOMYJSAIUHU TUIA3MHJICOIEPKAIIET0 MTaMMa OT CKOPOCTH MPOTOKA Cpebl B XeMocTare (KOH-
IEHTpaIuu cyocTpara), n3o0pakeHHas Ha puc. 4.2.2, MorJia Obl OBITH MOTy4YeHa MPU 00paboTKe
HEKOTOPBIX AIKCIEPUMEHTANbHBIX JaHHBIX (Aiba et al., 1982; Duetz and van Andel, 1991;
Godwin and Slater, 1979; Imanaka et al., 1980).

OtmeTnM uMHTEpecHOe HabIo/leHne, 0OHAPYKEHHOE HAMU TPU aHAIIM3€ IKCIEPUMEHTAb-
HBIX JaHHBIX, onmyonukoBaHHBIX B (Duetz and van Andel, 1991; Godwin and Slater, 1979). B
o0enx paboTax aBTOPHI OIEHWIA CTOMMOCTH TUIA3MHIBI . TPHU PA3HBIX YACIBHBIX CKOPOCTSIX

pa30baBieHHs cpesbl B XeMocTare (B CErperallMOHHBIX M KOHKYPEHTHBIX 3Kcrepumentax). Co-
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IJIaCHO BbIpaXeHUIO (4.2.6) NpU TOCTOSHHOM TIOJHOW OKCIPECCHUU IUIa3MHUAHBIX TEHOB

, CCIICKTHUBHOC MNPCUMYIICCTBO GCCHHaSMI/IHHBIX KJICTOK BBIPpaXXacTCs TOTr'dad

COTJIaCHO BBIPAKCHHIO!:

_ (4.2.9)

IJIe CKOPOCTh POCTa OECTIIIa3MHUIHOM MOMYINIALUN MOXET ObITh alllPOKCUMUPOBAHA KaK . .

Torpaa, ecny 3aBUCUMOCTh CEIEKTUBHOTO Koddduimenta ot 1/D npeacTapiseT NpsAMylo JIMHUIO,
MBI MOJKEM YTBEP>KJ1aTh, YTO TPAThl HA MOJAJEPNKAHUE IJIA3MHJ HE 3aBHUCIT OT CKOPOCTU poOCTa

HJI&SMPII[HOﬁ IOIMyJIAHUH.

Puc. 4.2.3. 3aBUCUMOCTD CEJIEKTUBHOTO KOA(PPHUIIMEHTA . OT CKOPOCTH pa30aBICHUS CPEabl
B xemoctate D (o6padotano u3 (Duetz and van Andel, 1991; Godwin and Slater, 1979)). TpaTsr
Ha nojaepxanue miazmMua coctaBuiu 0.11 yac™! g mwiasmunasl TP120 u 0.04 yac™! U1 I1a3-
Myl pWWO. OT™MeTHM, 4TO MepecedeHrue PerpeCCUOHHBIX KPUBBIX C OCBIO a0CITUCC CTaTHCTH-
YECKU HEOTIMYHUMO OT HYJISI.

HHTEpecHO 3aMeTHTh, YTO HE3aBUCUMOCTh /11 OT METa0OIMUYECKOTO COCTOSTHUS KIJIETOK B Xe-
MOCTaTe JEHCTBUTEIHLHO OBLIO OOHAPY)KEHO MPU KyJIbTUBUPOBaHUH MiazmMuasl pWWO (pu m-
MUTUPOBaHUU pocTa cykuuHatoMm) u TP120 (mpu nuMuTHpOBaHMU POCTa TIIIOKO30M), YTO U30-
OpaxxeHno Ha puc. 4.2.3. [TogoOHast MOCTOSSHHOCTB TPaT Ha MOACPKAHUS IEMOHCTPUPYET yIUBH-

TEJIbHYI0O KOOPJIUHHUPOBAHHOCTD KCIIPECCUU HEKOTOPBIX IUIa3MHI, B KOTOPBIX 3(PPEKTUBHOCTD
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yIENbHONW 3KCHPECCUU U KOMMMHOCTH IMJIa3MHUJbl CKOMIIEHCHPOBAHBI NMPHU Pa3HBIX CKOPOCTSIX
pocra asMuaHecyiei monymsnui. Heo0XoaumMo ogHAKO MOJYEpPKHYTh, YTO TMOKa3aHHAs Io-
CTOSIHHOCTb m HE SIBJISIETCSl YHUBEPCAJIbHBIM MMPU3HAKOM PEKOMOMHAHTHBIX IJIa3MH]I U BOOOIIE
TOBOPS 3aBUCHUT OT YCIOBUW KyJbTUBUPOBAHMS (T.€. TUIIA JIUMUTUPOBAHHUS, YPOBHSI IKCIIPECCUH
MJIa3MHUJIHBIX TEHOB U T.11.). Hanmpumep, cenekTuBHBIN KOA()PUITMEHT 3aBHUCE] HETUHEHHO OT 00-
paTHOM BETMUYMHBI CKOPOCTHU pa30aBICHUs Cpeabl B XeMocTaTe /i mramma ¢ miasmunoi TP120
MIpU TUMUTHPOBaHUU 110 (ochopy i 1yt mramma P. putida, conepxariero miazmuny pWWwo,
KyJIbTUBUPOBAaHUM B MPUCYTCTBUU HEMETAOOIM3UpPYyeMOro MHIyKTopa (He mokazano, (Duetz et
al., 1996; Godwin and Slater, 1979)).

B ciyuae, korna skcmpeccus IIa3MUIHBIX T€HOB (TpaThl HA TOJJCpPXKAHKE) HE SBISIOTCS
MOCTOSIHHBIMH, , MBI 3aMETHUM, YTO CTallMOHApHasi KOHIEHTpalus cyOcTpaTa B XeMo-
CTaTe ONpeaeNsieT KaK YPOBEHb IKCIPECCHH IUIa3MHUIHBIX T€HOB, TaK M CKOPOCTh POCTa TUIA3-
MUCOEPKAINUX KIETOK; TOTJa MUCKIII0Yas KOHIEHTPAIMI0 CyOcTpaTa O U3 BbIpakeHui (4.2.5)
u (4.2.7), MBI HAXOIUM QYYHOAMEHMANLHYIO C8:3b IKCNPECCUU NAASMUOHLIX 2eHO8 U YOelbHOU
CKOpOCMU pOCma NONYIAYUU NILAZMUOCOOEPHCAUUX MUKPOOP2aHU3MO8 (WU, TPYTUMHU CIIOBAMH,

MeTaboIMYecKOro cocTosiHus Oakrepui, cM. JlebaboB u JIudmmui, 1988):

/ , (4.2.10)

rae. M. _ - MakCUMaJbHBIA YPOBEHb 3KCIPECCHU KIOHHUPOBAHHBIX T€HOB M MAKCHMaJbHas
CKOPOCTb POCTa MOMYJISALMA MUKPOOPIaHU3MOB, (¢ U 71 OTIPE/IEIICHBI BBIIIE,

Breipaxxenne (4.2.10) yrBepkmaer, 9To 3(PGEKTUBHOCTh SKCIPECCHH TUIa3MUIHBIX TEHOB,
HaXOJALIMXCS 1O/ KOHTPOJEM KaTaOOJIMTUYBCTBHTEIBHBIX MPOMOTOPOB ONpEAEIsIeTCS B Iep-
BYIO OYe€peb META0OJUYECKUM COCTOSTHHEM OaKTepHUallbHOW KJIETKH (CKOPOCTBIO pOCTa), a HE
KOHIIEHTpauuell auMuTupyomero poct ¢akropa. Kak cinencrsue, dopmyna (4.2.10) mpencka-
3bIBAET, YTO MPHU CKOPOCTAX POCTa MOMYJIALUH, ONU3KUX K MAaKCUMAJIbHBIM, 3KCIIPECCUS TE€HOB,
KJIOHMPOBAaHHBIX Ha IUIa3MUJE, SBISETCS OSCKOHEYHO Majoi, TOrJa Kak HEIOCTAaTOK JHepre-
TUYECKOro cyOcTpaTa (HallOMHUM, YTO Mbl paccMaTpuBaeM JUMHUTHPOBAHUE IO SHEPIUU) IpU-
BOJUT K CHATHIO PENPECCUU C KIOHHUPOBAHHBIX T'€HOB, K “OTKPBIBAHHIO~ KaTaOOJIUTUYBCTBH-
TEJIBHBIX NTPOMOTOPOB, M COOTBETCTBEHHO, K MHOTOKPAaTHOMY YCHJICHHIO 3((EKTUBHOCTH IKC-

npeccun miazMuaHbix reHoB (Neidhardt and Curtiss, 1996). 3ameTnm, 4TO Tak Kak B BBIpaKECHUE
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(4.2.10) He BXOIAT SIBHBIM 00pa30oM MapameTpbl BHEIIHMX YCIOBUH (Kak, Hampumep, KOH-
[EHTpalUs JUMHTHUPYIOLIETO POCT cyOcTpara, TemmepaTrypa, pH u T.m.), 3TO OKa3bIBaeTcs He-
BRXHBIM KaKOW CHOCOO TPUMEHSIETCS ISl M3MEHEHUsS! YACITbHOW CKOPOCTH POCTa TOIYJISITHH
TUIa3MHUJICOACPIKAIINX OAKTEpHid - yleNbHasi CKOPOCTh pa30aBlieHUs cpenibl B XxemocTate D Win

temnepatypa B pH-crare. BepHOCTh 3TOr0 yTBEp KICHHS TPOAEMOHCTPUPOBaHa Ha puc. 4.2.4.

Puc. 4.2.4. CBs13b 3KCpeccuy KJIOHUPOBAHHBIX B IUIa3MMJIE TEHOB U YAEIbHOW CKOPOCTH
pocTa MOMYJISILKN [UIa3MHUJICOAEPIKALIETOo MTaMMa . . BepxHuil rpaduk - KynbTUBHpPOBaHUE pe-

koMOuHaHTHOTO mTamma E. coli 7905 ¢ nmnazmunoit pPHL-7 B pH-ctare nmpu pa3Hbix Temmnepa-

Typax (obpadotano u3 (I'puittox u ap., 1999)), . . . « .Hwkaul rpaduk - Kyiab-
TUBUPOBAHHE PEKOMOMHAHTHOTO mTaMMa P. putida mt-2 ¢ mnazmuaoit pWWO npu pa3HbIX CKO-
pocTsix pa3daBiieHUs cpeabl B xemocTtare (oOpabdorano u3 (Duetz et al., 1996)), . . . . wu

. Touku — sKcriepruMeHTa bHbIE TaHHbIE, HETIPEPHIBHBIE KPUBBIE — TEOPHUs (BBIpAXKEHUE
(4.2.10)).
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Henunelinas cBsi3b MEXIy CKOPOCTBIO POCTa IUIa3MUAHECYIIEH momyisiuu U 3hQexTus-
HOCTBIO 3KCIIPECCUU IIA3MUIHBIX T€HOB ObLIa BIOCIEACTBUU MOATBEPIKIEHA B IKCIIEPUMEHTAX
Mo KyJITUBUPOBaHUIO mTamMma Escherichia coli Z905, conepixaiero peKOMOMHAHTHYIO ILIa3-
muay pPHL-7, B cocTaBe KOTOpO#l HaXOAMIUCH KIIOHUPOBAHHBIE MO /ac-IIPOMOTOPOM B BEKTOPE
pUCI18 reHbl JIFOMHUHECIIEHTHOW CHCTEMBbI MOPCKHMX CBETAIIUXCS Oaktepuit Photobacterium
leiognathi B pH-ctare (I'putttok u ap., 1999; bpuiskos u ap., 2001).

Tak xak poct 6akTepuii B pH-crare (ananore typounocrara; [leuypkun, 1978; [leuypkun u
ap., 1990) saBnsercs HEMUMUTUPYEMBIM, aBTOPbI MCIOJIb30BAIM HW3MEHEHHE TEMIIEPATYypHOIO
peXrMa KyJIbTUBHPOBAHUS (150C 10 320C) JUJI. MOJIEJTMPOBAHUSI OTKJIOHEHUM YAEIBHON CKO-

poCTH pocTa MUKPOOHON MOMYJSAIUM OT MAaKCUMAaJIbHO BO3MOXHOM .  , HOCTUTraeMoil, oue-

BUIHO, 1 E. coli K-12 mpu 37°C.

HenuueitHas 3aBUCHUMOCTh SKCHPECCHH JIOMHUHECLIEHTHBIX T€HOB OT METAa0O0IMYECKOTO CO-
CTOSIHMSI KJIETOK, 33J]aBa€MO€ TeMIEepaTypoil KyJIbTHBHUPOBAHHUS, JOCTATOYHO TOYHO OIKCHIBa-
eTcs mpeJcKa3biBaeMbIM BeIpakeHHeM (4.2.10), uto u u3o0paxkeHo Ha puc. 4.2.4 HempepbIBHOM
JUHUEH. AHATOTUYHBIA Pe3yabTaT (YTO BIOPOUYEM HEMHOI'O YAWBUTENHHO) OBLT Takke MOJIy4YeH
Opy KyJIbTUBUPOBAHMHU WTaMMa P. putida mt-2, copepikaiiero peKOMOMHAHTHYIO IJIa3MHILy
pWWO, npu pa3HbIX CKOpOCTSAX pazdaBieHus cpeanl B xemocrare (Duetz et al., 1996) (cm. puc.
4.2.4).

[Inazmuna pWWO, ucnosib30BaHHasE B 3TOM SKCIEPUMEHTE, KOAUpOBaja JBa OCHOBHBIX
depmenta (BADH u C230), obGecrnieunBaromux MeTa0OIMYECKYIO MepepaboTKy TSHKEIBIX Y-
JIEBOZIOPOJIOB, HAIPUMEP, TAKUX Kak TOyJIUH u m- U p- kcenuH (TOL pathway). B pa6ote (Duetz
et al., 1996) aBTopsl paccMaTpuBaiIM BIMSHHUE TUIA JUMUTUPOBAHHS U CKOPOCTH pOCTa ILIa3-
MUcoAepkamer mnonyasnuu Ha dpdexkTuBHOCTh 3Kcnpeccuu mnpsimoro (BADH) wu  anb-
tepHaTuBHOTO 1yTH (C230) mepepaboTKU YriIeBOAOPOAOB B NMPUCYTCTBHM HACHIMAIOMIUX KOH-
HEHTpaluid HeMeTaboIM3uPyeMOro HHAYKTOpa o- KcenuHa. OHU OOHapyXWiu, YTO MPHU JUMHU-
TUPOBAaHUM pOCTa OAKTEPUH MO MCTOYHMKY YIIIEPOAa U SHEPrHH (CYKIIMHAT) aKTMBHOCThH (ep-
menTa C230 (kak Bnpouem u BADH, uTo He moka3zaHo 371eck) Ob1a 00paTHO MPOIIOPIIHOHAIBHA
YICNBHOM CKOPOCTH pa3daBiieHHs cpeasl B XemocTare [ WM, 4YTO TOXE caMmoe, MeTa-
00JIMYECKOMY COCTOSIHUIO KJIETOUHOTO armapara. JToT pe3yibTar (BMECTE ¢ MpeAcKa3blBaeMbIM
TEOPETUYECKH ) TIPOIEMOHCTPUPOBAH Ha puc. 4.2.4 (HIKHUHN rpaduk).

K coxanennro, cpaBHeHHE dKCTIEpUMEHTAIBHBIX JaHHBIX (Duetz et al., 1996) u (I'puitok u

1p., 1999) o onieHeHHBIMH TTapaMeTpaM (! M 1 HE TIPEICTABIIACTCS JIETKOM 3a7a4eil, Kak 3To OblI-
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JI0 TIPOBEACHO JUIsi .~ U . (CeNeKTUBHBIN K03 HUIMEHT) B ipeabiaymel yactu. Y XoTs mapa-

0

METPBI ¢ U 1 (3aMETUM, YTO ITH MapaMeTpbl TaKKe SIBISIIOTCS Oe3pa3MepHBIMU) UMEIOT HEKOTO-
PYyIO OMOJIOTHYECKYIO OCHOBY, KOTOPYIO MBI OOHAPYKWJIH TP TOJIPOOHOM BBIBOJIE BBIPAKECHHS
(4.2.5), MBI Bce ke OyzieM paccMaTpUBaTh 3TH MapaMeTpbl KaK HEKOTOPbIE (PeHOMEHOJIOTHYECKHE
KOHCTaHThl. OHAKO OJTHO HAOJI0IEHNE BCE MOXKET OBbITh CAENaHO. 3aMeyasi, YTO TaK Kak ,
U3 OLICHKU s asmuael pWWO0 u . . .« aisg pPHL-7 Mbl HaxoguMm, 4To cpen-
HASE KOMUIHOCTH ia3mMusl pWWO nomkHa ObITh TOpa3ao MeHblne, yem pPHL-7. 3to Habmro0-
JIEHUE JCUCTBUTEIBHO TOITBEPKIACTCS SKCICPUMEHTAIBHBIMU JaHHBIMU, TaK KaK H3BECTHO,
YTO TUIa3MUAbI OMO/IETPaJallii B OCHOBHOM SIBJISIIOTCSL O0bIIMMU U ManokonuitHbiMu (Ileuyp-
KuH # 1p., 1990), torna kak pPHL-7 o6sraHO nmeet Oomnee 20 xonmii Ha ki1eTKy (MnnapruoHoB u
[Tporomomnonra, 1986). Takum oOpazoM, B 3TOI YaCTH MBI IMOKa3aiau, yTo dHPeKTUBHAS IKCIIPEC-
CHUSl KJIOHUPOBAHHBIX B TIa3MHJIE TEHOB MOXKET 3HAYUTEIILHBIM 00pa3oM BIIHATH HA CKOPOCTH
pocTa MIIa3MHICOIEPKALIero mramma, 0ojiee TOTro, CEJIeKTUBHOE MPEUMYIIECTBO .  Oecruias-
MHUJIHBIX KJIETOK B XEMOCTAaTe€ 3aBUCHUT OT CKOPOCTH pa3damieHus cpensl D (puc. 4.2.2 u puc.
4.2.3). Bonee Toro, Ml OOHAPYKUJIH, YTO CHIKEHHE CKOPOCTH POCTA IIA3MUAHBIX KIETOK HUXKE
ONTUMAJILHON (Yepe3 M3MEHEHHE TeMIIepaTypbl WJIM CKOPOCTH MPOTOKAa CpPelbl B XEMOCTaTe)
MPUBOJUT K HEMPOMOPIIMOHAIEHO BBICOKOM A()(PEKTUBHOCTH IKCIIPECCUH TIIIA3MUIHBIX TEHOB.
CymiecTBEHHBIM TIPEATIONOKEHHUEM TPU BBIpaXeHUs (4.2.7) SBIAJIOCH TO, YTO CHUKEHHUE
yIETHbHOW CKOPOCTH POCTA TUIA3MHJICOACPIKANUX KIETOK MPOUCXOTUT MPOMOPIHOHATHHO JKC-
Mpeccuy KJIOHHWPOBAHHBIX B IJIa3MUJE T'€HOB, T.€. B COOTBETCTBUU C mIpemioxeHueMm Ilupra o
Tparax Ha noauepxkanue (Pirt, 1975): WJIH, IPYTUMHU CIIOBaMU, CEJICKTUBHBIN
kod(dunmeHT  mpomopumoHaieH  A(G(PEKTUBHOCTH  OKCHOPECCHH  IUIA3MUIIHBIX ~ T€HOB

/ (cM. BBIp.(4.2.9)). D1a runores3a ObLIa UCCIIEAOBAHA MPH KYJIbTUBUPOBAHUM pe-

KoMOHHaHTHOTO mTamMa E. coli MG1655, conepxaero masmuay pGLO (gfp’, amp") npu mo-
CJIEIOBATEIIbHBIX IacCakax B IEPUOAUYECKOMN KyJbType. B pesynprare Halux 3KCIIEPUMEHTOB
MBI OOHApY)KWJIM, 4YTO CTOMMOCTh IUIa3MHUABI .  JCHCTBUTEIHHO MPOMOPIHMOHAIBHA J(-
(EKTUBHOCTH IKCIPECCHU KIIOHHPOBAHHBIX B IUIA3MHUJIE T€HOB, BIHSIOIIAs TaKUM 00Opa3oM Ha
CTa6I/IJ'H>HOCTI: noaAacpIKaHusd IJIasSMUACOACPIKAINUX MMTaMMOB MHUKPOOPTaHHU3MOB IIpU HCPUO-
JMYECKOM (M BO3MOKHO HENPEPHIBHOM) KYJIbTUBUPOBAHUH.

Bruanue sgpgpexmuenocmu sxcnpeccuu KIOHUPOBAHHBIX 8 NAAZMUOE 2€HO8 HA CMOUMOCHIb
niaazmuovl. HecMoTpst Ha 00JbIION HAOOp JAaHHBIX O CTAOMIIBHOCTH TIJIA3MHIHECYIINX OaKTepHiA,

CYILLECTBYIOLIMNA B JINTEPATYPE, YAUBUTEIBHO MaJO U3BECTHO O KOJMYECTBEHHOW CTOPOHE BO-
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poca Kak MPUCYTCTBHE PEKOMOMHAHTHBIX IJIa3MHUJ BIUSET HA CKOPOCTh pOCTa MOMYJSLUU
MUKpPOOPTaHU3MOB, UX cojiepKammx. Kak MbI y)Ke YIIOMUHAIH BHIIIE, IEPBOE MOHUMAHHE MPH-
nuto u3 pabotsl (Zund & Lebek, 1980), koTopas Taxke mojydnsia IpOJ0JDKEHUE B COBCEM He-
nmaBHell crathe (Smith & Bidochka, 1998). Zund u Lebek oGuapyxumnu, uro Gonbmue (- .«
T.I.0.) U MHOTOKOIIUMHBIE (- . KONHH Ha KJIETKY) IUIa3MMJIbl YaCTO CHUXAKOT CKOPOCTh pOCTa
TUTa3MUJICOACpIKAIIEH oMYA MUKPOOPTaHU3MOB, XOTS M KOJUYECTBEHHAs CBS3b IMPEIJIO-
xeHa He Obuta. [lo3aree, HryeHn ¢ coaBT. mpu KynabTHBUpOBaHHM mTtamMma E.coli K-12 B cepun
MOCIIEA0OBATEIBHBIX IEPUOANYECKHUX KYJIBTYP MOKA3alld, YTO CTOMMOCTh mia3Musl pBT107 (ce-
JEeKTUBHBIA KO3 uimeHT . ) ObuTa IPOMOPIIMOHAIPHA KOHIIEHTPAIIMA MHAYKTOpa aHTHAPOTET-
paluKiINHa, 100aBIEHHOTO B CpeAy U UHIYLUPYIOLIETO SKCIPECCHIO TETPALUKINHOBOTO OMepo-
Ha ¢ TpaHcno3oHa Tnl0 (Nguyen et al., 1989). KauecTBeHHO MOAOOHBIN pe3ynbTaT ObUT HaiIeH
B paborte (Lee and Edlin, 1985), rae aBTOpbl MaHUITYJIUPOBATN T€HETHYECKUM COCTABOM ILIa3-
MUl U OOHAPYKUIIU, YTO IKCIPECCHS T€HOB C TETPAIMKINHOBOIO OMEPOHA OTBETCTBEHHO 32
KHHETHYECKYI0 HeCTaOMIbHOCTH Ma3mMuasl pPBR322. OxHako, CymecTBEeHHBIH HEAOCTATOK ITHX
paboT 3aKIIF0YaeTCs B TOM, YTO YPOBEHB IKCIPECCUU TUIA3MUIHBIX TEHOB HE OBLT U3MEPSH B XO-
JIe SKCIIEPUMEHTa. JTO CBA3aHO, B OCHOBHOM, C TPYIHOCTBIO U3MEPEHUs IKCIpeccuu 0e3 Halu-
YHsl XOPOIIEero Mapkepa. Mbl, ¢ Ipyroi CTOPOHBI, MOCTAPAIUCH OTBETUTH HA ATOT BOMPOC, UC-
nonb3yio masmuay pGLO (Bio-rad, inc; http://www.bio-rad.com), B cocTaBe KOTOPOil HaXOSIT-
Csl KJIOHHMPOBAHHBIN TOJ] KOHTPOJEM apaOMHO3HOTO NPOMOTOPA ardpap TEH, KOAHPYIOIIUN
“senmenbiit yopecuupyrontuii mporenn’ (Green Fluorecent Protein umu npocto GFP).

GFP sBnsieTcss JOCTAaTOYHO PacCIpPOCTPAHECHHBIM MApKEPOM, HCIIOIb3YeMBIM sl JCTEKTH-
pOBaHUs pa3IMUHOTO poaa mpoueccoB: HaumHas oT MeueHus JJHK wm PHK (Jons and
Mettenleiter, 1997; Leff and Leff, 1996; Lobner-Olesen, 1999) u 3akanumBas BU3yanu3anuein
koHKpeTHBIX OenkoB (Chalfie et al., 1994; Li et al., 1998). GFP ne TpeOyeT HUKAaKUX JTOMOJIHH-
TENBHBIX CYOCTPATOB WM PETYASTOPOB (I AKCIpeccuu ol epassl, HampuUMep, HEOOXOaUM
cunte3 ayroperynstopa (UnmnapuonoB u Ilporomomnosa, 1986)), ennHCTBEHHOM HEOOXOAMMOM
Ui “‘co3peBaHus’”’ (pepMEHTa KOMIIOHEHTOW SIBIISICTCSI KUCIOPOJ, YTO B OOJIBIIMHCTBE CIIy4yacB
uMeeTcsl B U30bITKE MpU KyJIbTUBUPOBaHUU MHUKpoopranu3zMoB. GFP taxke siBisiercss xoporuio
W3Y4EHHBIM (DITYOPECIICHTHBIM OCJIKOM KaK C KHHETUYECKUX, TaK M CO CTPYKTYPHBIX IMO3UIIUN
(Tsien, 1998; Wilson and Hastings, 1998). O6ayyenue GFP ynbrpaduoneToBsiM cBeToM (00BIY-
HO 400-450 uM) mpuBoguT k cBedeHuto GFP 3enenoil obnmactu crmekTpa C JUIMHOW BOJIHBI

HM (oTciofa W Ha3BaHWE ‘‘3elieHbli”’). O4YeBHIHO, YTO U3Mepsemas ¢iyopec-

LEHIUsl IponopUruOHalibHa KOHIeHTpauuu cyocrpata (T.e. GFP), uro mMoxeT ciy>kuThb UHIM-
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KaTopoM 3(p(HEeKTUBHOCTH AKCIIPECCUU T'eHa gfp MPpHU ero KJIOHHPOBAHWM B TutazMuje. B Hamei
pabore mbl ucnonb3oBa GFP ¢ ouens GoibIiM BpeMeHEM MONypacmaaa, XOoTs Psii HecTa-
OWIBHBIX OeJIKOB ObLT Takxke mosydeH (Andersen et al., 1998). 1 mocneqnuM, HO TakXke OYeHb
BaXHBIM sIBJIsIeTCs (akT Toro, uyto B Hamed mnasmunae GFP kimoHmpoBaH moa KOHTposeMm ara
IIPOMOTOPA, YPOBEHb CUHUTBHIBaHUS, C KOTOPOTO OYEHb YETKO OMpEeNsaeTcsl KaKk KOHIEHTpaluuen
MHIYKTOpa (apabruHO3bI THOO0 HEMETA0OIM3UPYEMOT0 aHAJIOTa), TAK M KOHIIEHTPAIHe! TIIIOKO3bI,
TaK Kak 3TOT MPOMOTOP TMOJABEpKeH KartabosmTHOU penpeccun (Guzman et al., 1995; Neidhardt
and Curtiss, 1996). Takum oOpa3om, uzmepsis skcrpeccuio GFP npu pa3nudHbBIX yCIOBUS U Of-
HOBPEMEHHO OIICHUBAs CEJICKTUBHBIN KOA(DPHUIIUEHT, MBI MOXKEM OMPEIEITUTh “CTOMMOCTD” 3(-
(EeKTUBHOM PKCIPECCUU TUIA3MHUIHBIX T€HOB JUIS KIETKH - XO03uHA. J[JI1 M3MEepeHUs CeNeKTHB-
HOT'O TIPEUMYIIECTBA OECIIa3MUHBIX KJIETOK . B IMEPUOIUYECKON KYIbTYpPe Mbl HCIIOJIb30BAIN
MeTOJ1, onMcaHHbIi B psae padot (Levin et al., 2000; Nguyen et al., 1989; Reynolds, 2000) u 60-
nee nmoapoobHo uccnenoBan Hamu (Ganusov and Brilkov, 2001).

KpaTko, 5 MKJI M3HaYabHO TOMOT€HHBIX KYJIbTYp IJIa3MHUJICOJAEPIKAIIETO (BbIpallleH B MPH-
cyrcTBuU amnuimuinia, 200 Mxr/mvin) u 6ecriasmunuoro mramma E.coli K-12 MG1655 ( ,

, , (Reynolds, 2000)) nepecaxuBaivch B CBEXKYIO Cpeay B paBHOM oTHoOIIeHuu (1:1),

BBIPAIIUBAINCH IO CTAllMOHAPHOM (pa3bl B TeueHue cyTok (cm. puc. 1.1.2). 3atem 10 MK Kyib-
TYpbl, HaXOASIICHCS B CTallMOHApHON (a3e, mepecakuBaloch B 5 MJI HOBOH (CBeXel) cpebl
(cmemoBaTenbHO, pa3baBiIeHUE . - . ., ), ¥ OAKTEPUU OISITH BBHIPAIIMBAIKNCH O CTAIMOHAP-
HOH (pa3bl. DTOT Mporecc MOBTOPSIICA (MIEPEHOC B KOJOY CO CBEXEHW MASHTUYHOW Cpeloi), moKa
KOHIIGHTpaLUs IJIa3MHUIHECYIINX KIETOK Obuta nerekrupyema (B otHomenun 1:200-400). Ot-
HOILIEHHE TUIa3MUJHBIX KJIETOK K OeCIIa3MUAHBIM (M TOJHOE YUCIIO KJIETOK B 1 M) BBIYMCIISA-
JIOCh TIPU BBICEBE KYJIBTYPHI Ha arap ¢ apabMHO30i, r1e ¢ moMoIpio Y® Jamnbl Mbl BU3YyalTu3u-
poBanm cBeTsnMecs (a, ciemoBatenbHO, conepkamue GFP) kinetku (mpucyTcTBHE TIa3MUIIbI
TaKXe MMPOBEPSUIOCh MPU BBICEBE Ha IJIOTHYIO CpEdy, coaepskarnyro 50 MKI/MiI aMIUIMIIIHHA).
3Ha4yeHHe SKCIPECCUM IUIa3MUCOAEPIKALINX KJIETOK M3MEPSUIOCh C MOMOIIbBI0 MHTErPalbHOTO
¢dyopumetpa (Sequoia-Tuner Corporation), ¢ oobema 270 Mk KynpTypbl. Okcnpeccust GFP na
KJIETKY (In00 Ha €UHMIly ONTHYECKOM IIOTHOCTH) IEPECUUTHIBANACH MIPHU yYeTe YucIia Iias-
MUJIHECYIIUX KJIETOK B MOMyisauuu. CelleKTUBHBIA KOA(PPHUIMEHT BBIYUCISUICS COTJIACHO Mpe-

JT0)XkeHHOMY MeTony (4.1.9) ¢ Moaudukamuei:

) (4.2.11)
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I/Ie TaKXKe z - OTHOLICHUE YUClia OeCIUIa3MUHBIX KIETOK K IUTa3MUAcoAepkKamuM, d - GhakTop

paz0aBiieHUs KyJIbTYphl (B HAIlEM SKCHEPUMEHTE . - . .. ), N - YHCJO TMOCJIEeI0BaTEIbHbIX
naccaxedt (Ganusov and Brilkov, 2001).

TakuM 00pa3oM, BBIYUCIHSS TAHTEHC Yrila HAKJIOHA (B Jorapu(pMuUecKux KOOPAMHATAX )
KpuBoi z(N) u nens ero Ha jorapud™M . . . MBI MOXKEM OIPEICIUTh CEICKTUBHBIA KOdhdH-
[MEHT IITaMMa C OIpeJeJICHHBIM YPOBHEM SKCIIPECCHM IIA3MUIHBIX T'€HOB (Ha TE€HEpalHIo).
CranpnaptHas MuHuUMainbHas cpeaa /lesuca (DM) ¢ TMMHUTHpPOBAHHEM IO a30Ty ObUIA WCIOJb-
30BaHa Uil pocta OakTepuii ¢ gobaBieHueM 2 MKr/mu tuamuHa, 100 mxr/mn MgSOs u 20
mkr/mia ypamuia (Reynolds, 2000). Cynedar azora ((NH4),SO4) ucnons3oBajics B KOHIIEHTpa-
nuu 100 mxr/ma (Hopma - 1000 mkr/min), caxap (makrosa) - 8 (wim 6) mr/mi (Hopma 500
MKr/mi). s magykimun skcnpeccun GFP omepoHa Mbl MCHONB30Bald pa3iMyHbIe KOHIIEH-
Tpanuu apabuHO3bI - OT MUHUMAIBLHOTO 200 MKI/MJI 10 MaKCUMaJIbHBIX 6 Mr/mil. Tak kKak B cTa-
IIMOHAPHOM (pa3e KylbTypa JUMHUTHPOBANACH MO a30Ty (IPOBEPEHO), U BBHUIY TOTO, YTO OaKTe-
pUH OTPEOJIAIOT JTAKTO3Y, KaK HanboJIee JIETKO YCBOSIEeMbIN caxap mociie Tiiroko3bl (Lendenmann
et al., 2000; Monod, 1949; Neidhardt and Curtiss, 1996), apabuHo3a gaxke B OOIBIIMX KOHIICH-
TpauusX He BIUsIa HA CKOPOCTh pocTa OaKTepui, a BBICTYIajla TOJBKO B POJIM MHAYKTOpA JKC-
npeccun GFP (mpoBepeno mo ckopocTsim pocta ¢ u 0e3 apaOHHO3bI B Cpee).

Tak xak MUHUMaJbHasl KOHIIEHTpAIMs UHIYKTOpa B HalIUX SKcIepuMeHnTax (>1mM) Oblia
ropaszzo OoJbllle MOJYHACHINAIOMMX KOHIEHTpanuil (~0.1 mM), Ml mpennojaraem, 4To Bce
Ia3MHuJIcoAeprKanue KieTku skcnpeccupyroT GFP npu Hanwune apabuHO3BI B cpefie, YTo, OJ-
HAKO HE HaONIoJaeTcs MpH OYeHb HM3KUX KOHIEHTpauusx apabunossl (<0.1mM), rae Toiabko
yacTh nomyssiiuu 3xcnpeccupyer GFP (Siegele and Hu, 1997). PesynbTaTsl 3KCIIEPUMEHTOB 110
KOHKYPEHLIUH IIazMuacoaepxkamero mramma MG1655 u ero Gecriima3MuIHOTO BapHaHTa B ce-
pHUH TIEPUOIUYECKHUX KYIbTYp U300pakeHbI Ha puc. 4.2.5.

Takum o0pa3om, B pe3yibTaTe HAIIUX HKCIEPUMEHTOB MBI OOHAPYKUIM YIUBUTEIHHBIN
(bakT, YTO CHI)KEHUE CKOPOCTH POCTa IUIa3MHUACOAEPKAIIUX KIETOK M3-3a MPUCYTCTBUS ILIa3-
muaHoi JIHK pGLO mpoucxoauT nponopuroHaaIbHO SKCIPECCHU T'eHa gfp, KIOHUPOBAHHOTO HA

MIa3MujIe. ITO U €CTh OCHOBHOM PE3yJIbTaT 3TOM YaCTH.
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Puc. 4.2.5. 3aBUCHUMOCTb CEIEKTHUBHOTO MPEUMYIIECTBA OECINIa3MUIHBIX KJIETOK, XapaKTe-
pPU3YEMOTO MapaMeTpoM . , OT PA3TMYHOIO YPOBHS SKCIPECCHHU KJIOHUPOBAHHOTO B IUIA3MUIE
pGLO rena gfp. Bepxuuii rpaduk - sKCHpeccHs, NMepecuuTaHHas Ha IUIA3MUICOACPIKAIIYIO
KJIETKY, HXKHUH rpaduk - sSKCIpeccusi, IepecyuTanHas Ha eJl. OIT. INIOTHOCTHU IIJIa3MHIHON T10-
IyJISIUY.

JIBe 0COOCHHOCTH HAIIETO SKCIEPUMEHTa, OJHAKO, XOTEI0Ch Obl OTMETHThH. Bo-TepBbIX,
AKCIIEPUMEHTAIIbHO U3MepsieMasi KCIPECCUs MIa3MHUIHBIX T€HOB, XOTS B LIEJIOM M OKa3ajach

MPOMOPIIMOHATBFHON KOHIIGHTpAIlUU apaOWHO3bI, TEM HE MEHee, 00J1a/1aeT JOCTATOYHO OOJIBIION



134

nucriepcueit (puc. 4.2.6). OTo 03HavaeT, 4TO HE Bceraa ao0aBiieHHEe (UKCHPOBAHHOTO KO-
JIMYCCTBA UHAYKTOpPA 6YI[CT BBI3bBIBATh OHpCI[GJIGHHBIﬁ YPOBCHB 3KCITPECCUU TNIa3SMUIHBIX T'CHOB,
a, CIIEOBATENbHO, JUISI BBIACHEHHS] 3aBUCUMOCTH CEJIEKTUBHOTO KOX(PQHUIMEHTa OT 3-
q)CKTI/IBHOCTI/I SKCHIPCCCHUU TUIASMUAHBIX TCHOB 3KCICPUMCHTATOP 06H3aTCHLHO JOJI’)KEH H3MCEC-
PATHh YPOBEHb SKCIPECCHH, a HE UCIIOIB30BaTh KOHIIEHTPAIMIO WHAYKTOpA KaK MoKa3aTeib KC-

MPECCHH IIa3MHIHBIX T€HOB, YTO OBLIO, HalIpUMep, poaenano B padore (Nguyen et al., 1989).

Puc. 4.2.6. 3aBUCUMOCTh CpEHETO YPOBHS SKCIPECCHH T'€Ha gfp B CTallMOHapHOU (aze me-
PUOIMYECKOW KYNBTYpHI IIazMuiacoaepikamiero mramma E. coli MG1655 oT koHIEHTpamuu
apaOMHO3HI B cpejie.

3aMeTuM, Takke, 4TO, TaK KaK OJMH IMacCaX MPOBOIMICS B TEUEHHE CYTOK (3aceB, pOCT,
CTallMOHapHas (a3a W CIETYIONIMIA 3aCEB Ha CBEXKYIO Cpely), U3MEPSEMBId C MIOMOIIBIO ypaB-
HeHus (4.2.11) cenekTUBHBIN KOOPHUIIUEHT . BKJIIOYAET B ce0s HE TOIBKO Pa3HUILY B CKOPO-
CTSIX POCTa TUIA3MUAHBIX U OECIUIa3MHUIHBIX KIETOK (4TO OOBIYHO M3MEPSETCS B XEMOCTAaTe), HO
W pa3HUIly B Jlar-ga3e W BBDKMBAEMOCTH B CTAIllMOHApHOHW (haze miia3MuicoepKammux 1 Oec-
IUIa3MUHBIX KIeTOK (cM. Hampumep (Demma, 2001; Ganusov and Brilkov, 2001; Smith and
Bidochka, 1998)).

JIist MOATBEPKACHUS TOTO, YTO YBEIUYCHHUE CEJICKTHBHOTO KOd(DUIIMEHTa MPHU BBICOKOM
3 (PEKTUBHOCTH IKCIIPECCUU TeHA gfp CBA3AHO ¢ M3MEHEHUEM YJIeTbHON CKOPOCTH POCTa ILIa3-

MUJICOJIEPKAIIUX KIETOK, MBI U3MEPUIH CKOPOCTh POCTa IUIa3MHUIHOTO IITaMMa B JIor-(haze mpu
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pazHoM ypoBHe skcnpeccuu GFP. AHanmornynas jguHeiHas 3aBUCUMOCTh CTOMMOCTHU TIa3MHU/IbI

or  Obuta oOHapyxeHa (puc. 4.2.7).

Puc. 4.2.7. CBsA3b ypOBHSI CEJIEKIIUH, HAMPABIECHHOTO MPOTUB JIa3MHUICOAEPKAIIUX KIETOK
U XapaKTepU3yeMOro OTHOLICHHEM MAaKCHUMAaJbHBIX CKOpPOCTEH pocTa IMIa3MHIHOM U Oec-

MJIa3MUJTHON TOTYIISIIIH ( / ), I3MEPEHHOTO B IEPUONYECKON KYJIbTYpe, U pa3and-

HOM 2 (HEKTUBHOCTH IKCIIPECCUU KIIOHHpoBaHHOTO B Tiazmusie pGLO rena gfp.

JIBa IOTMONHUTEIHHBIX JOKA3aTEeNbCTBA TaKXKE IMOAJEPKUBAIOT HAIy TUMOTE3Y, YTO CHU-
KEHHE YAETbHOM CKOpPOCTH pOcCTa IIa3MUACOACPKAIIUX KIETOK MPONOPLUHUOHANBHO 3¢ dek-
TUBHOW PKCIPECCUU KIOHUPOBAHHBIX B Ia3Muzae reHoB. OxHo cienyeTr u3 padotsl (Duetz and
van Andel, 1991), roe cenexTuBHBIA KOIPGUIIMEHT MOKET OBITH OMPENECH MO0 MPUBEICHHBIM
JAHHBIM TIPU Pa3HBIX CKOPOCTSIX MPOTOKA Cpelbl B XeMocTare (MpH JIMMUTHPOBAHUU CyKIMHA-
TOM), ¥ TJI€ YPOBEHb dKCIpeccuu omgHoro u3 depmeHToB (C230), MO3BOJAIONIETO META0O0IN3H-
pOBaTh TsDKENbIE YIIIEBOAOPOAbI (HapUMep, KCEeIUH U TONYOoJ), ObLI TaKkKe M3MEPSH. 3aBUCHU-
MOCTb CTOMMOCTH TJIa3MUJbI OT 3((HEKTUBHOCTU IKCIPECCHM TAK)KE KaK U B HAIIUX JKCIIEPH-
MEHTax CO CTaTUCTUYECKOW JOCTOBEPHOCTHIO OMUCHIBAETCA TUHEHHOM perpeccueit (puc. 4.2.8).

[Toxoxuii pe3yapTaT ObUT TIONIydeH B pabote (Bentley et al., 1990), rae mMakcumanbpHas
yIellbHasi CKOpOCTh pocTa OakrepuanbHoro mramma FE.coli RR1, coxepikaBmiero miasMumy
pBR329 (amp’, cam' u tet'), HeraTuBHO KOppenupoBaia ¢ 3PPEKTUBHOCTHIO DKCIIPECCUU I'eHa cat

(x1opamMpeHnKoI-aueTHI-TpaHcdepasa) MpH BhIpAIIMBAHUN OAKTEpPHid HA Pa3HBIX Cpelax B MPH-
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CYTCTBHH pa3HBIX KOHIIEHTpanuii xjaopamdenukona (Bentley et al., 1990).

Puc. 4.2.8. 3aBUCUMOCTb CENEKTUBHOIO MPEUMYIIECTBA OECIUIa3MHUIHBIX KJIETOK, XapaKTe-
PHU3YEeMOr0 MapaMeTpoOM . , OT PAa3TUYHOTO YPOBHsI SKCIIpeccuu TeHoB miazmuasl pWWO (o6pa-
6ortano u3 (Duetz and van Andel, 1991)).

CyMMupysi, B HalllUX 3KCIEPUMEHTE Mbl, TAKMM 00pa3oM, OOHAPY>KUIIM, YTO OTHOCUTENIbHAS
pasHua B o0meld MpUcnocoOIeHHOCTH IUIa3MUICOAEPKAIIUX IITAMMOB MHUKPOOPIaHU3MOB U
M30TEHHBIX OECIUIa3MUIHBIX KJIETOK (M3MepseMasi CeIeKTUBHBIM K03(uineHToM) nIponopuuo-

HanbHA 3()(PEKTUBHOCTU HKCIPECCUU T€HOB, KJIOHUPOBAHHBIX B IJIA3MU/IE.
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SAKIIOYEHMHUE

Pa3BuTHe HOBBIX AKCIEPUMEHTAJIbHBIX METOJOB M TIOBBIIIEHHE TOYHOCTH SKCIIEPUMEH-
TAJIBHBIX JAHHBIX CIIOCOOCTBYET BCE OOJIbLIEMY BHEIPEHUIO TEXHHKH KOJIWYECTBEHHOI'O MOjIe-
JUPOBaHUs B ECTECTBEHHbIE HAYKH, KaK, HanpuMep B Ouosioruio. B npeayioxkeHHol auccepranuu
C TOMOILBI0 MAaTEMaTHYECKUX MOJENICH Mbl MPOAHAIM3UPOBAIN TMOMYJIALHUOHHYIO JTUHAMUKY
[ITAMMOB MHKPOOPTaHU3MOB, COJAEPKALIMX PEKOMOWHAHTHBIE MJIa3MHJIbI, IPU PA3JIUYHBIX YC-
JIOBHSIX YIPABJISEMOTO KYIbTHBHUPOBaHUS. [ TaBHOW 0COOEHHOCTHIO pa3pa0OTaHHBIX MaTeMaTH-
YECKUX MOJeNiel SBISETCS YUeT HalWuus HECKOJIbKUX KOMHUH IUIa3MHIbI B OJIHOHN OakTepuaib-
HOM KJIETKE, YTO JI0 HACTOSILEro BPEMEHU HE ObUIO PACCMOTPEHO B JAeTalAX. MBI OOHAPYXUIIH,
YTO MPHUCYTCTBHE B KJIETKE MHUKPOOPTaHM3MOB HECKOJBKHUX KOMUH IIa3MUAbl (KOMUHHOCTD
TUTa3MUJIbI) SIBJISIETCS BaKHOW OMOJIOTMUECKOM XapaKTepUCTHUKOHM, KOTOpas paguaibHbIM 00pa-
30M BIIMSIET HAa CTA0MJIBHOCTh PEKOMOMHAHTHBIX IITAMMOB MPH UIUTEILHOM KYJIbTUBUPOBAHUH.
C nomomipo MOZENY, ONMMCHIBAIOLIEH MOMYISIIUOHHYIO JUHAMUKY MHOTOKONMMHBIX MUKpPOOP-
TaHWU3MOB, MBI, HAllpUMEP, CMOTJIM OOBSCHUTH paHee HaOIomaeMblil 3OPEKT CHIKEHUSI CEJIeK-
TUBHOTO TMPEUMYIIECTBA OECIIa3MHUIHBIX KJIETOK MPHU JJIUTEIHHOM KYJIHTHBHPOBAHUU B XEMO-
cTaTe, CBA3aHHBIN (110 MOJENN) CO CHMXKEHUEM CPEIHEro 4Hclia KONMUMl MiIa3MHJIbl B KIIETKax
MHUKPOOPIaHU3MOB. DTOT MOJXOJ K M3YYEHHUIO JUHAMHUKHU IUIA3MUAHECYIIMX OaKTEepHil Takxke
MO3BOJIMJI HAM HCCIIE0BaTh BONPOC Kak 3(PPEeKTUBHOCTH SKCIPECCHH KIOHWPOBAHHBIX B ILIA3-
MU TEHOB BIHMSET Ha CTAOUIBLHOCTH TUIA3MHJICOIEPIKANIUX IITAMMOB MHUKPOOPTaHU3MOB MPHU
WX JJUTEILHOM KYyJbTUBHUPOBAHMH. MBI OOHApYXWIH, YTO ‘“‘CTOMMOCTH’ PEKOMOMHAHTHBIX
IUTa3MHUJ, U3MepseMas CEIEKTUBHBIM K03(pULneHTOM, MPONOPIHOHAIBHA YPOBHIO SKCIPECCHH
IUTa3MUAHBIX T€HOB, a TaKXe MMOKa3ald, YTO HeCTaOWUJIbHOCTh T€HHOMH)XEHEPHBIX MHKpPOOpra-
HU3MOB IPH PA3JIMYHBIX MPOTOKAX MPHU KYJIbTUBUPOBAHUHU B XEMOCTATE CBSI3aHA B OCHOBHOM C
YBEJIMYEHUEM CEJIEKTUBHOIO MPEUMYIIECTBA OECIIa3MHUIHBIX KJIETOK M BO3MOKHBIM MOBBIIIE-
HUEM BEPOSITHOCTH OOpa30BaHUs OECIIa3MHUIHOM KICTKH MPH JEeNCHUH IUIa3MUICOACpIKaIeh
nomynsiuud. HecMOTpsl Ha 3T HHTEPECHbIE Pe3yNbTaThl, MPEAJIOKEHHAs MOJIEIb SIBISIETCS TOJb-
KO MEPBBIM 1IaroM K MOHUMAaHUIO BCEX CI0KHOCTEN B3aUMOJEHCTBUS IUIa3MHUJ MUKPOOPIaHU3-

MOB H HUX KJICTOK-XO035€B, IIIar'OM, KOTOpBIﬁ 110 HaIEMY MHCHHUIO, HC JOJI2KCH OBITE IIOCICIHUM.
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OCHOBHGBIE PE3VYJIBbBTATBI U BbIBO/bI

1. TlpennoxkeH HOBBIM TEOPETHMYECKUM MOAXOJl, OCHOBAaHHBIH HAa ypPaBHEHWH HENPEPHIB-
HOCTH, IO3BOJISIIOIIMI OMUCHIBATh JWHAMHUKY YHCIEHHOCTH MHOTOIUIA3MHUIHBIX MHOTOKO-
NUAHBIX IITaMMOB MHKPOOPTaHM3MOB B Pa3JIMYHBIX YCIOBUSAX KyJIbTHBUpOBaHMA. Ha ocHo-
BaHUU MPEIJIOKEHHOTO TEOPETUYECKOro IOJX0/a, IOCTPOEHA M INpOaHAIM3UpOBaHa MaTeMa-
TUYecKasi MOJIeNb MOMYJISIIUOHHON JUHAMUKY MHOTOKOMHUIHBIX TUIa3MH]I C YYETOM HEraTUBHOTO
KOHTPOJISI PETUIUKAINH TI1a3MUJ], KHHETUYECKOW U CerperalfmoOHHON HeCTaOMIBHOCTH PEKOMOH-
HAHTHBIX TJIa3MH]I MUKPOOPTaHU3MOB.

2. C nomoup0 MaTeEMaTHYECKON MOJENN NOKAa3aHO, YTO BUJ 3aBUCUMOCTH YAEIBHOM CKO-
poctu pocta U 3(P(HEKTUBHOCTH SKCIPECCHH TUIa3MHUIHBIX T'€HOB OT KOMUWHOCTH MPAaKTHUYECKU
HE BIIUSET HAa KBAa3UCTALMOHAPHOE paclpeesieHue MIa3MU/] 110 KJIETKaM, a ONPEIesieTCsl TONb-
KO MEXaHHW3MOM HEraTUBHOI'O KOHTPOJISI KOMUMHOCTH. [Ipu 3TOM Hanuuue 3KCIpeccuu mia3Mus-
HBIX T€HOB PUBOAUT K OOJIBIICH CKOPOCTH IIMMHUHALIMY TJIA3MUJ U3 XEMOCTaTa, yeM 0e3 Hee.

3. [Iloka3zaHo, 4yTO BpeMs MOIYdJIMMUHAIUMU IUTa3MUJA B TOMYJALHUUA HECTAOMIBHOTO pe-
KOMOMHAHTHOTO IITAMMa B XEMOCTATe HE 3aBUCUT OT MAKCUMAJIHHOTO YUCJIa KOMUH TUTa3MU/IBI B
KJIETKE, a ONPEIENIIeTCs TOJIbKO CPETHUM BPEMEHEM TeHepalil MUKPOOHOM MOMYJISINH, CKO-
POCTBIO MOTEPH TUIA3MUJ KJIETKOW U YPOBHEM CEJIEKTUBHOTO JIABJICHUS HA MIa3MUCOIep KAl
HITaMM.

4. Bnepsble TeopeTHuecKU 00bsICHEH 3(h(PEKT CHUKEHHUSI CEIEKTUBHOTO JAABICHHS Ha TOMy-
JSUUI0 MHOTOKONMUHWHOTO T€HHOWHXEHEPHOTO MITaMMa, CBSI3aHHBIM CO CHHM)KEHHUEM CPEIHEro
Yycia KONui mia3Muibl B Kietkax. [IpogemMoHcTpupoBaHo, 4yTO yAelbHAsE CKOPOCTh pocTa Mo-
MUY TUIa3MHUICOAEPKAILMX MUKPOOPTaHU3MOB HEIMHEMHO 3aBHCHUT OT YMCia KON Tuia3-
Mubl B KieTkax. [loka3aHo, 4To BapHuamus KJIETOYHOTO 00beMa B MOMYJSIHUU TUIA3MHJICOIEP-
XKAIIero IMTaMMa SIBJIICTCS BaXXHON KOMITOHEHTOH, ONPENEIISIONICH CerperalfioHHy0 CTaOMIb-
HOCTb IIJIa3MUL.

5. OcHoBbIBasiCh Ha mpocToit Mmoaenu JleBura-CTroapTa, pa3paboTaHbl 1Ba METOAA OIEHKH
napameTpoB IJIa3MUJICOACPKALTUX IITAMMOB MUKPOOPraHU3MOB, & HMEHHO CEJIEKTUBHOTO KO-
s ¢duLrenHTa . ¥ BEPOATHOCTH MOTEPHU IIA3MUIBI IJIA3MUICOEPIKAIIECH KIETKOW MpHU JeJIeHUn
... IlokazaHo, 4TO HECTAOMJIBHOCTh T€HHOMH)KEHEPHBIX ITAMMOB MUKPOOPTaHU3MOB IIPU HU3-
KHX YZIETbHBIX CKOPOCTSX pa3z0aBieHHsI CPeIbl B XEMOCTaTe CBA3aHa B OCHOBHOM C YBEITMYEHUEM

CCIICKTUBHOI'O IMPEUMYIICCTBA 6CCHH33MI/IILHBIX KJICTOK, IIPHU 3TOM TAKXC OTMCUCHO YBCIIMYCHUC

CerperanvoHHON CTaOMIBHOCTH IJIa3MUJL IPU HU3KUX D.



139

6. IlpemnoxxeHa W TpoaHATU3MPOBAHA MOJETh A(DPEKTUBHOCTH IKCIPECCHUU KaTabOIUT-
YyBCTBUTEJIBHBIX TE€HOB IUIa3MHIHECYIIMX MHUKPOOpPraHu3MoB. [lokazaHo, YTO CEJIEKTHBHOE
MPEUMYILECTBO PEKOMOWHAHTHBIX IITAMMOB 3aBUCHT OT CKOPOCTH MPOTOKA CPEAbI NMPU KYIbTH-
BUPOBAaHUHM B XeMocTraTe. BrnepBbie 00bscHEeH 3((eKT yBenuyeHHs HKCIPECCUU JIFOMHUHEC-
IEHTHBIX TeHoB Tu1azMunbl pPHL-7 mpu HU3KHX CKOPOCTSIX pOCTa MOMYJAINNH PEKOMOMHAHT-
Horo mramma E.coli Z905.

7. B akcmepuMeHTax ¢ peKOMOMHAHTHBIM mTaMMoM MG1655, comepikaimiero KiIOHHPO-
BaHHBI reH gfp Ha wiasmune pGLO (gfp’, amp'), o6HapyXkeHa NuHEiHAS CBA3b MEXKIY CEleK-
TUBHBIM KO3()(DUIIUEHTOM ¢, XapaKTEePU3YIOIIUM MOMYIALUOHHYIO “CTOMMOCTH IUIa3MH[BI, U

3P PEKTUBHOCTBIO SKCIIPECCUU TE€HA gfp.
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